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SECTION 15000 
 

BASIC MECHANICAL REQUIREMENTS 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish and install to the required line and grade, all piping together 
with all fittings and appurtenances, required for a complete installation.  All piping located 
outside the face of structures or building foundations and all piping embedded in concrete 
within a structure or foundation shall be considered exterior piping. 

 
B. The Design/Builder shall furnish and install fittings, couplings, connections, sleeves, 

adapters, harness rods and closure pieces as required to connect pipelines of dissimilar 
materials and/or sizes herein included under this Section for a complete installation. 

 
C. The Design/Builder shall furnish all labor, materials, equipment, tools, and services required 

for the furnishing, installation and testing of all piping as shown on the Drawings, specified in 
this Section and required for the Work.  Piping shall be furnished and installed of the 
material, sizes, classes, and at the locations shown on the Drawings and/or designated in 
this Section.  Piping shall include all fittings, adapter pieces, couplings, closure pieces, 
harnessing rods, hardware, bolts, gaskets, wall sleeves, wall pipes, hangers, supports, and 
other associated appurtenances for required connections to equipment, valves, or structures 
for a complete installation. 

 
D. Piping assemblies under 4-inch size shall be generally supported on walls and ceilings, 

unless otherwise shown on the Drawings, being kept clear of openings and positioned 
above "headroom" space.  Where practical, such piping shall be run in neat clusters, plumb 
and level along walls, and parallel to overhead beams. 

 
E. The Design/Builder shall provide taps on piping where required or shown on the Drawings.  

Where pipe or fitting wall thicknesses are insufficient to provide the required number of 
threads, a boss or pipe saddle shall be installed. 

 
F. The work shall include, but not be limited to, the following: 

 
1. Connections to existing pipelines. 

 
2. Test excavations necessary to locate or verify existing pipe and appurtenances. 

 
3. Installation of all new pipe and materials required for a complete installation. 

 
4. Cleaning, testing and disinfecting as required. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Division 1, General Requirements 
 

3
2

4
1

4
-0

0
0
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B. Division 2, Sitework 
 
C. Division 9, Finishes 
 
D. Division 11, Equipment 
 
E. Division 16, Electrical 

 
1.03 MATERIAL CERTIFICATION AND SHOP DRAWINGS 
 

A. The Design/Builder shall furnish to the OWNER (through the Engineer) a Material 
Certification stating that the pipe materials and specials furnished under this Section 
conform to all applicable provisions of the corresponding Specifications.  Specifically, the 
Certification shall state compliance with the applicable standards (ASTM, AWWA, etc.) for 
fabrication and testing.   

 
B. Shop Drawings for major piping (4-inches in diameter and greater) shall be prepared and 

submitted in accordance with Section 01 33 00 – Submittal Procedures.  In addition to the 
requirements of Section 01 33 00 – Submittal Procedures, the Design/Builder shall submit 
laying schedules and detailed drawings for all major piping (4-inches in diameter and 
greater) as specified and shown on the Drawings. 

 
C. Shop Drawings shall include, but not be limited to, complete piping layout, pipe material, 

sizes, class, locations, necessary dimensions, elevations, supports, hanger details, pipe 
joints, and the details of fittings including methods of joint restraint.  No fabrication or 
installation shall begin until Shop Drawings are approved by the Engineer. 

 
 
PART 2 -- PRODUCTS 
 
2.01 GENERAL 
 

A. Special care in handling shall be exercised during delivery, distribution, and storage of pipe 
to avoid damage and unnecessary stresses.  Damaged pipe will be rejected and shall be 
replaced at the Design/Builders's expense. Pipe and specials stored prior to use shall be 
stored in such a manner as to keep the interior free from dirt and foreign matter. 

 
B. Testing of pipe before installation shall be as described in the corresponding ASTM or 

AWWA Specifications and in the applicable standard specifications listed in the following 
sections.  Testing after the pipe is installed shall be as specified in Section 3.09. 

 
C. Joints in piping shall be of the type as specified in the appropriate Piping System Schedule 

in Section 15390, Schedules.  
 

D. ALL BURIED EXTERIOR PIPING SHALL HAVE RESTRAINED JOINTS FOR THRUST 
PROTECTION UNLESS OTHERWISE SPECIFIED OR SHOWN ON THE DRAWINGS. 
ALL EXPOSED EXTERIOR PIPING SHALL HAVE FLANGED JOINTS, UNLESS 
OTHERWISE SPECIFIED OR SHOWN ON THE DRAWINGS. 
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E. The Drawings indicate work affecting existing piping and appurtenances.  The 
Design/Builder shall excavate test pits as required of all connections and crossings which 
may affect the Design/Builders's work prior to ordering pipe and fittings to determine 
sufficient information for ordering materials.  The Design/Builder shall take whatever 
measurements that are required to complete the work as shown or specified. 

 
 
2.02 WALL PIPES 
 

A. Where wall sleeves or wall pipes occur in walls that are continuously wet on one or both 
sides, they shall have water stop flanges at the center of the casting or as shown on the 
Drawings.  Ends of wall pipes shall be flange, mechanical joint, plain end, or bell as shown 
on the Drawings, or as required for connection to the piping.  Wall pipes shall be of the same 
material as the piping that they are connected to.  If welded waterstop flanges are employed, 
welds shall be 360 degree continuous on both sides of flange.  Unless otherwise shown on 
the Drawings, waterstop flanges shall conform to the minimum dimensions shown below: 

 

Pipe Size 
Waterstop 

Flange Diameter 
Waterstop 

Flange Thickness 

4" - 12" OD + 3.10" 0.50" 

14" - 24" OD + 4.15" 0.75" 

30" - 36" OD + 4.50" 1.00" 

42" - 48" OD + 5.00" 1.25" 

54" OD + 5.90" 1.50" 

 
2.03 SLEEVES 
 

A. Unless shown otherwise, all piping passing through walls and floors shall be installed in 
sleeves or wall castings accurately located before concrete is poured, or placed in position 
during construction of masonry walls.  Sleeves passing through floors shall extend from the 
bottom of the floor to a point 3 inches above the finished floor, unless shown otherwise.  
Water stop flanges are required on all sleeves located in floors or walls which are continually 
wet or under hydrostatic pressure on one or both sides of the floor or wall. 

 
B. Sleeves shall be cast iron, black steel pipe, or fabricated steel in accordance with details 

shown on the Drawings.  If not shown on the Drawings, the Design/Builder Shall submit to 
the Engineer details of sleeves he proposes to install; and no fabrication or installation 
thereof shall take place until approval is obtained.  Steel sleeves shall be fabricated of 
structural steel plate in accordance with the standards and procedures of AISC and AWS.  
Steel sleeve surfaces shall receive a commercial sandblast cleaning and then be shop 
painted in accordance with Section 09900 – Painting. 

 
C. When shown on the Drawings or otherwise required, the annular space between the 

installed piping and sleeve shall be completely sealed against a maximum hydrostatic 
pressure of 20 psig.  Seals shall be mechanically interlocked, solid rubber links, trade name 
"Link-Seal", as manufactured by the Thunderline Corp., Wayne, Michigan, or equal.  Rubber 
link, seal-type, size, and installation thereof, shall be in strict accordance with the 
manufacturer's recommendations.  For non-fire rated walls and floors, pressure plate shall 
be glass reinforced nylon plastic with EPDM rubber seal and 304 stainless steel bolts and 
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nuts.  For fire rated walls and floors, two independent seals shall be provided consisting of 
low carbon steel, zinc galvanized pressure plates, silicon rubber seals and low carbon steel, 
zinc galvanized bolts and nuts. 

 
D. Cast iron mechanical joint adapter sleeves shall be Clow # 1429, as manufactured by the 

Clow Corp., or equal.  Mechanical joint adapter sleeves shall be provided with suitable 
gasket, follower ring, and bolts to effect a proper seal.  In general, sleeves installed in walls, 
floors, or roofs against one side of which will develop a hydrostatic pressure, or through 
which leakage of liquid will occur, shall be so sealed.  If welded waterstop flanges are 
employed, welds shall be 360 degree continuous on both sides of flange. 

 
2.04 SOLID SLEEVE COUPLINGS 
 

A. Solid sleeve couplings shall be used to connect buried service piping where shown on the 
Drawings.  Solid sleeves shall be ductile iron, long body and shall conform to the 
requirements of ANSI A21.10 (AWWA C110).  Unless otherwise shown or specified, solid 
sleeve couplings shall be Style A11760 as manufactured by American Cast Iron Pipe Co., or 
equal. 

 
2.05 FLEXIBLE COUPLINGS 
 

A. Flexible couplings shall be as manufactured by the Red Valve Company and shall consist of 
a molded reinforced fabric of cotton and natural rubber.  Galvanized steel retaining rings 
shall be furnished.  End connections shall match ANSI 125 pound flanges with a minimum 
pressure rating of 140 psi. 

 
2.06 SLEEVE TYPE COUPLINGS 
 

A. Sleeve type, flexible couplings shall be furnished and installed where shown on the 
Drawings or otherwise required to resist internal operating pressures.  In addition to that 
specified herein, harnessed, sleeve type flexible couplings shall be provided on all exposed 
pipe 3 inches and larger in diameter that spans any expansion joint in a building or structure. 

 
B. Materials shall be of high strength steel and couplings shall be rated for the same pressures 

as the connecting piping. 
 

C. Gaskets shall be rubber.  Bolts and nuts shall be alloy steel, corrosion-resistant and prime 
coated. 

 
D. Couplings shall be shop primed with a premium quality primer compatible with the painting 

system specified in Section 09900 - Painting.  Field painting of wetted area shall be done 
prior to installation. 

 
E. Harnessing 

 
1. Harness couplings to adjacent flanges as shown, specified or otherwise required to 

restrain all pressure piping. 
 

2. Dimensions, sizes, spacing and materials for lugs, tie rods, washers, and nuts shall 
conform to the standards for the pipe size, and design pressure specified. 
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3. No less than two (2) bolts shall be furnished for each coupling. 
 

4. Tie bolts, nuts and washers shall be ASTM A 193, Grade B7 steel or better. 
 
5. Harness rods shall have lengths less than 10 feet between adjacent flanged joints on 

fittings and shall be coated in accordance with Section 09900 – Painting. 
 

F. Provide 411 Steel Fabricated Coupling by Smith-Blair, or equal. 
 
2.07 FLANGED ADAPTERS 
 

A. Flanged adapters shall be furnished as required and as shown on the Drawings. 
 

B. All flanged adapters, 12 inches in diameter and smaller, except as shown on the Drawings 
or directed by the Engineer, shall be locking type flanged adapters. 

 
C. Pressure and service shall be the same as connected piping. 

 
D. Materials shall be cast iron for pipes up to 12 inch diameter and high strength steel for pipes 

larger than 12 inch diameter. 
 

E. Flanged adapters shall be shop primed with a premium quality primer compatible with the 
paint system specified in Section 09900 – Painting.  Field painting of wetted area shall be 
done prior to installation. 

 
F. Bolts and nuts shall be alloy steel, corrosion-resistant and prime coated. 

 
G. Flanged coupling adapters larger than 12 inches in diameter shall be harnessed by tying the 

adapter to the nearest pipe joint flange using threaded rods and rod tabs.  The threaded 
rods and rod tabs shall be as shown on the Drawings. 

 
H. Provide 912 or 913 Flange Coupling Adaptors by Smith-Blair, or equal. 

 
2.08 MECHANICAL COUPLINGS (SPLIT TYPE - SHOULDERED END) 
 

A. Mechanical couplings (split type-shouldered end) shall be furnished as specified or shown 
on the Drawings. 

 
B. Materials shall be of malleable iron and couplings shall be rated for the same pressures as 

the connecting piping. 
 

C. Gaskets shall be rubber.  Bolts and nuts shall be heat treated carbon steel track bolts and 
shall be plated.   

 
D. After installation, buried couplings shall receive two heavy coats of an approved coal tar 

which is compatible with the finish of the coupling.  Exposed couplings shall be painted in 
accordance with Section 09900 - Painting. 

 
E. Couplings shall be as manufactured by Victaulic Company of America, Style 31, or equal. 

 
2.09 TAPPING SLEEVES AND TAPPING SADDLES 
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A. Tapping sleeves shall be similar to Mueller Outlet Seal, American Uniseal or Kennedy 

Square Seal.  All sleeves shall have a minimum working pressure of 150 psi.  All sleeves 
larger than twelve (12) inches shall be ductile iron.  All taps shall be machine drilled; no 
burned taps will be allowed. 

 
B. Tapping saddles may be used on mains sixteen (16) inches and larger where the required 

tap size does not exceed one-half the size of the main (i.e. 8-inch tapping saddle for use on 
a 16-inch main).  Tapping saddles shall be manufactured of ductile iron providing a factor of 
safety of at least 2.5 at a working pressure of 250 psi.  Saddles shall be equipped with a 
standard AWWA C-110-77 flange connection on the branch.  Sealing gaskets shall be "O" 
ring type, high quality molded rubber having an approximate seventy durometer hardness, 
placed into a groove on the curved surface of the tapping saddles.  Straps shall be of alloy 
steel.  The tapping saddle shall be the American tapping saddle, U.S. Pipe tapping saddle, 
or equal.  All taps shall be machine cut, no burned taps will be allowed. 

 
2.09 TAPPING SLEEVES FOR WET WALL TAPS 
 

A. Wall sleeves for wet wall taps shall be manufactured by JCM Inc. or equal. Tapping services 
shall be provided by Furmanite/Team Industrial Services, T.D. Williamson or equal.    

 
B. Wall sleeves shall be designed for pressure of 50psi.  Fitting shall be constructed of ASTM 

A36 steel.  Fitting shall include welded reinforcing plates to insure the structural integrity of 
the fitting.  Fitting connections shall be flanged, AWWA C207 Class D, ANSI 150 lb, drilled 
and recessed for a resilient wedge tapping valve as specified in Section 15114.  Wall-side 
flange shall be fitted with two (2), minimum 1/2-inch thick, molded, Buna-N gaskets for a 
positive seal to the wall.  

 
 
2.11 UNIONS 
 

A. For ductile iron, carbon steel, and grey cast iron pipes assembled with threaded joints and 
malleable iron fittings, unions shall conform to ANSI B16.39. 

 
B. For copper piping, unions shall have ground joints and conform to ANSI B16.18. 

 
C. For PVC and CPVC piping, unions shall be socket weld type with Viton O-ring. 

 
2.12 THERMOPLASTIC TUBING AND FITTINGS 
 

A. Thermoplastic tubing shall be manufactured from polyallomor tubing.  Tubing shall be 
protected from ultraviolet radiation degradation with a black coating or integral color 
conforming to ASTM D-1248, Type 1, Class C, Category 3.  Fittings and connectors used 
with thermoplastic tubing shall be the flareless tube type constructed of brass conforming to 
SAE CA377, SAE CA360 or equal.  Brass sleeves shall be used.   

 
B. Assembly of the thermoplastic tubing shall consist of pushing the tubing into the fitting and 

hand tightening the nut with final tightening with a wrench.  Care shall be taken not to 
overtighten the nut.  Plastic tube racks and bend holders shall be provided for holding the 
tubing in position.  Needle valves used with thermoplastic tubing shall be the globe type 
constructed with a brass body, stem and seat and Buna-N "O"-ring seals.  Installation shall 
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be in accordance with the manufacturer's recommendations.  Thermoplastic tubing, shall be 
the Impolene (polyallomor) system and needle valves, fittings and connectors shall be the 
Poly-Flo with 261 UB Universal Nut and Sleeve system as manufactured by Imperial 
Eastman, or equal. 

 
 
2.13 FLEXIBLE RESTRAINED EXPANSION JOINTS 
 

A. Restrained expansion joints shall be manufactured of 60-42-10 ductile iron conforming to 
material and other applicable requirements of ANSI/AWWA C153/A21.53. 

 
B. Each pressure containing component shall be lined with a minimum of 15 mils of fusion 

bonded epoxy conforming to the materials requirements of, and tested in accordance with, 
ANSI/AWWA C213 and shall meet or exceed the requirements of ANSI/AWWA C550. 

 
C. Seals shall conform to the applicable requirements of ANSI/AWWA C111/A21.11. 

 
D. All bolts used in the assemblies shall be stainless steel and shall be coated with a premium 

quality epoxy. 
 

E. Flanged ends shall comply with ANSI/AWWA C110/A21.10, with the addition of O-ring 
groove and O-ring. 

 
F. Mechanical joint ends shall comply with ANSI/AWWA C153/A21.53. 

 
G. Restrained expansion joints shall have a minimum pressure rating of 350 psi with a 

minimum safety factor of 3:1.  Each assembly shall be tested at 350 psi before shipment. 
 

H. Restrained expansion joints shall provide for self restraint without tie rods and shall provide 
for expansion and contraction capabilities cast as an integral part of the end connection. 

 
I. Flexible restrained expansion joints shall allow for 8-inches (+6"-2") minimum expansion. 

 
J. Flexible restrained expansion joints shall consist of an expansion joint designed and cast as 

an integral part of a ball and socket type flexible joint having a minimum of 15 deflection per 
ball. 

 
K. Restrained expansion joints shall be the Single Ball or Double Ball FLEX-TEND Expansion 

Joint as manufactured by EBAA Iron Inc., or equal. 
 
 
PART 3 -- EXECUTION 
 
3.01 INSTALLATION 
 

A. All piping shall be installed by skilled workmen and in accordance with the best standard 
practice for piping installation as shown on the Drawings, specified or recommended by the 
pipe manufacturer.  Proper tools and appliances for the safe and convenient handling and 
installing of the pipe and fittings shall be used.  Great care shall be taken to prevent any pipe 
coating from being damaged on the inside or outside of the pipe and fittings.  All pieces shall 
be carefully examined for defects, and no piece shall be installed which is known to be 
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cracked, damaged, or otherwise defective.  If any defective pieces should be discovered 
after having been installed, it shall be removed and replaced with a sound one in a 
satisfactory manner by the Design/Builder and at his own expense.  Pipe and fittings shall be 
thoroughly cleaned before they are installed and shall be kept clean until they are accepted 
in the complete work.  All piping connections to equipment shall be provided with unions or 
coupling flanges located so that piping may be readily dismantled from the equipment.  At 
certain applications, Dresser, Victaulic, or equal, couplings may also be used.  All piping 
shall be installed in such a manner that it will be free to expand and contract without injury to 
itself or to structures and equipment to which it is connected.  All piping shall be erected to 
accurate lines and grades with no abrupt changes in line or grade and shall be supported 
and braced against movement, temporary, or permanent.  All exposed piping shall be 
installed with vertical and horizontal angles properly related to adjoining surfaces or pipes to 
give the appearance of good workmanship.  Unless otherwise shown or approved, provided 
a minimum headroom clearance under all piping of 7 feet 6 inches. 

 
B. Unless otherwise shown or specified, all waste and vent piping shall pitch uniformly at a 

1/4-inch per foot grade and accessible cleanouts shall be furnished and installed as shown 
and as required by local building codes.  Installed length of waste and vent piping shall be 
determined from field measurements in lieu of the Drawings. 

 
C. All excavation shall be made in such a manner and to such widths as will provide ample 

room for properly installing the pipe and permit thorough compaction of backfill around the 
pipe.  The minimum trench widths shall be in strict accordance with the "Trench Width 
Excavation Limits" as shown on the Drawings.  All excavation and trenching shall be done in 
strict accordance with these specifications and all applicable parts of the OSHA Regulations, 
29CFR 1926, Subpart P. 

 
D. Enlargements of the trench shall be made as needed to give ample space for operations at 

pipe joints.  The width of the trench shall be limited to the maximum dimensions shown on 
the Drawings, except where a wider trench is needed for the installation of and work within 
sheeting and bracing.  Except where otherwise specified, excavation slopes shall be flat 
enough to avoid slides which will cause disturbance of the subgrade, damage to adjacent 
areas, or endanger the lives or safety of persons in the vicinity. 

 
E. Hand excavation shall be employed whereverit is necessary for the protection of existing 

utilities, poles, trees, pavements, or obstructions. 
 

F. The Design/Builder shall excavate the trenches to the full depth, width and grade indicated 
on the Drawings including the relevant requirements for bedding.   

 
G. No pressure testing shall be performed until the pipe has been properly backfilled in place. 

All pipe passing through walls and/or floors shall be provided with wall pipes or sleeves in 
accordance with the specifications and the details shown on the Drawings.  All wall pipes 
shall be of ductile iron and shall have a water stop located in the center of the wall.  Each 
wall pipe shall be of the same class, thickness, and interior coating as the piping to which it 
is joined.  All buried wall pipes shall have a coal tar outside coating on exposed surfaces. 

 
H. JOINT DEFLECTION SHALL NOT EXCEED 75 PERCENT OF THE MANUFACTURERS 

RECOMMENDED DEFLECTION.  Excavation and backfilling shall conform to the 
requirements of Section 02200 - Earthwork, and as specified herein.  Maximum trench 
widths shall conform to the Trench Width Excavation Limits shown on the Drawings.  All 
exposed, submerged, and buried piping shall be adequately supported and braced by 
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means of hangers, concrete piers, pipe supports, or otherwise as may be required by the 
location.   

 
I. Following proper preparation of the trench subgrade, pipe and fittings shall be carefully 

lowered into the trench so as to prevent dirt and other foreign substances from gaining 
entrance into the pipe and fittings.  Proper facilities shall be provided for lowering sections of 
pipe into trenches.  UNDER NO CIRCUMSTANCES SHALL ANY OF THE MATERIALS BE 
DROPPED OR DUMPED INTO THE TRENCH. 

 
J. Water shall be kept out of the trench until jointing and backfilling are completed.  When work 

is not in progress, open ends of pipe, fittings, and valves shall be securely closed so that no 
water, earth, or other substance will enter the pipes, fitting, or valves.  Pipe ends left for 
future connections shall be valved, plugged, or capped, and anchored as required. 

 
K. All piping shall be installed in such a manner that it will be free to expand and/or contract 

without injury to itself or to structures and equipment to which it is connected.  All piping shall 
be erected to accurate lines and grades with no abrupt changes in line or grade and shall be 
supported and braced against movement, temporary, or permanent.  All exposed piping 
shall be installed with vertical and horizontal angles properly related to adjoining surfaces or 
pipes to give the appearance of good workmanship.  Pipes crossing within a vertical 
distance of less than or equal to one (1) foot shall be encased and supported with concrete 
at the point of crossing to prevent damage to the adjacent pipes as shown on the Drawings. 

 
L. The full length of each section of pipe shall rest solidly upon the bed of the trench, with 

recesses excavated to accommodate bells, couplings, joints, and fittings.  Before joints are 
made, each pipe shall be well bedded on a solid foundation; and no pipe shall be brought 
into position until the preceding length has been thoroughly bedded and secured in place. 
Pipe that has the grade or joint disturbed after laying shall be taken up and relaid by the 
Design/Builder at his own expense.  Pipe shall not be laid in water or when trench conditions 
are unsuitable for work. 

 
M. Proper and suitable tools and appliances for the safe convenient handling and laying of pipe 

shall be used and shall in general agree with manufacturer's recommendations. 
 

N. AT THE CLOSE OF EACH WORK DAY THE END OF THE PIPELINE SHALL BE TIGHTLY 
SEALED WITH A CAP OR PLUG SO THAT NO WATER, DIRT, OR OTHER FOREIGN 
SUBSTANCE MAY ENTER THE PIPELINE, AND THIS PLUG SHALL BE KEPT IN PLACE 
UNTIL PIPE LAYING IS RESUMED. 

 
O. ALL PIPING SHALL HAVE TYPE "A" BEDDING AS SHOWN ON THE DRAWINGS, 

UNLESS OTHERWISE SPECIFIED HEREIN OR INDICATED ON THE DRAWINGS. 
 

P. Detector tape shall be installed 12 inches below final grade and directly above all buried 
potable water piping.  The tape shall be blue and silver and shall be clearly and permanently 
labeled "Water".  Detector tape shall be Lineguard III as manufactured by Lineguard, Inc., or 
equal. 

 
3.02 REINFORCED CONCRETE PIPE, CONCRETE CULVERT, AND DRAIN PIPE 
 

A. The laying of reinforced concrete pipe shall conform to the applicable sections of the 
Concrete Pipe Handbook as published by the American Concrete Pipe Association. 
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3.03 DUCTILE IRON PIPE 
 

A. Ductile iron pipe (DIP) shall be installed in accordance with the requirements of the Ductile 
Iron Pipe Handbook published by the Ductile Iron Pipe Research Association, and AWWA 
C600. 

 
B. Where it is necessary to cut ductile iron pipe in the field, such cuts shall be made carefully in 

a neat workmanlike manner using approved methods to produce a clean square cut.  The 
outside of the cut end shall be conditioned for use by filing or grinding a small taper, at an 
angle of approximately 30 degrees. 

 
C. FIELD WELDING OF DUCTILE IRON WILL NOT BE PERMITTED. 

 
3.04 PVC/CPVC AND HDPE PIPE 
 

A. Polyvinyl chloride (PVC), chlorinated polyvinyl chloride (CPVC) and High Density 
Polyethylene (HDPE) pipe shall be laid and joints assembled according to the respective 
manufacturer's recommendation.  PVC pipe installation shall comply with applicable sections 
of the Uni-Bell PVC Pipe Association Recommended Standard Specifications. 

 

B. Plastic piping shall not be installed when the temperature is less then 60F except as 
otherwise recommended by the manufacturer. 

 
3.05 CARBON AND STAINLESS STEEL PIPE 
 

A. Installation of steel pipe shall be by skilled workmen and shall conform to the applicable 
sections of AWWA Manual M-11.  Joints for steel piping shall be either screwed, welded, or 
flanged as shown on the Drawings or as specified.   

 
B. Welding in the field shall be performed only when requested on the shop drawings for 

carbon steel pipe.  No welding of stainless steel pipe shall be allowed in the field.  All field 
welds shall be radiographically inspected. 

 
 
3.06 COPPER PIPE 
 

A. Installation of copper pipe shall be by skilled workman in accordance with the manufacturer's 
recommendations.  Use teflon tape at all fittings unless otherwise required for intended 
service.  Install unions at the connections to each piece of equipment to allow removal of 
equipment without dismantling connecting piping. 

 
B. Wall sleeves shall be provided for all piping passing through exterior walls and shall be of 

the same material as the piping to which it is joined.  All wall sleeves shall be provided with 
an acceptable waterstop. 

 
C. The Design/Builder shall provide hot and cold water mains with branches and risers 

complete from point indicated on the Drawings running to all fixtures and other outlets 
indicated.  Mains and branches shall be run generally as shown on the Drawings.  The 
Design/Builder shall provide all interior water piping, branches, and risers as shown on the 
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Drawing and shall make connections to all plumbing fixtures, hose bibs, wall hydrants, and 
other points requiring water under this and other Divisions of the Specifications. 

 
D. All water mains and branches shall be pitched at least one (1) inch in twenty-five (25) feet 

toward fixtures.  The piping installation shall be arranged so that the entire system can be 
drained through fixture supply connections. 

 
E. Unions shall be installed at the connections to each piece of equipment to allow for removal 

of equipment without dismantling connecting piping. 
 

F. Joints 1-1/4 inches and larger shall be made with silver solder.  For joints less than 1-1/4 
inches and all valves (regardless of size) use 95/5 solder.  Soldered joints shall be prepared 
with a non-corrosive paste flux in accordance with manufacturer's instructions.  All joints 
shall be thoroughly cleaned with emery cloth and reamed out before assembly.  Acid core 
solder will not be permitted. 

 
3.07 POLYPROPYLENE AND POLYVINYLIDENE FLUORIDE PIPE 
 

A. The pipe and fittings shall be of the same material for both inner and outer walls of the pipe. 
 

B. Polypropylene pipe shall be black UV stabilized co-polymer conforming to the requirements 
of ASTM D-4101.  Where used in exterior locations, material shall provide a weathering 
resistance absent of further coating, covering, or wrapping unless specified herein or shown 
on the Drawings. 

 
C. Polyvinylidene flouride shall comply with ASTM D-3222.  The material shall provide a 

translucence, thus enabling a visual inspection of liquid in the annular space between the 
inner and outer walls. 

 
D. Where elastomers are selected by the manufacturer, such selection shall be with regard to 

the application of the chemical solution to be transported. 
 

E. Pipe and associated fittings shall be rated for not less than 75 psi at 73°F. 
 
F. Double-walled pipe and fittings shall be molded and used throughout.  Molded ribs shall 

maintain permanent alignment of the inner and outer walls of the pipe and fittings. 
 

G. Ends of fittings shall be flush, creating a single plane. 
 
H. Wall thickness of the inner and outer walls of double-walled pipe shall be identical, providing 

identical pressure ratings. 
 

I. Where shown on the Drawings, a leak detection system of the manufacturer's design shall 
be supplied, complete with vent pipes, manual drain outlet, and electric float switch.  Switch 
shall be rated for 0.080 amps at 120 VAC. 

 
J. Polypropylene and polyvinylidene flouride pipe shall be laid and joints assembled by skilled 

workers according to the respective manufacturer's recommendations.  Joints shall be butt 
fusion welded. 
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K. Plastic piping shall not be installed when the ambient temperature is less than 60°F except 
as otherwise recommended by the manufacturer and approved by the Engineer. 

 
L. Wall sleeves shall be provided where piping passes through exterior walls.  All sleeves shall 

be provided with an acceptable waterstop. 
 

M. Double walled pipe shall be Asahi/American or equal.  Pipe shall be furnished complete with 
flanges or other appurtenant fittings by the same manufacturer and made especially for use 
with the double walled pipe. 

 
3.08 JOINTS IN PIPING 
 

A. Restrained joints shall be provided on all pipe joints as specified herein and shown on the 
Drawings.  Restrained joints shall be made up similar to that for push-on joints. 

 
B. Push-on joints include a single rubber gasket which fits into the bell end of the pipe.  The 

gasket shall be wiped clean, flexed and then placed in the socket.  Any bulges in the gasket 
which might interfere with the entry of the plain end of the pipe shall be removed.  A thin film 
of lubricant shall be applied to the gasket surface which will come into contact with the spigot 
end of the pipe.  The lubricant shall be furnished by the pipe manufacturer.  The plain end of 
the pipe, which is tapered for ease of assembly, shall be wiped clean and a thick film of 
lubricant applied to the outside.  The pipe shall be aligned and carefully entered into the 
socket until it just makes contact with the gasket.  The joint assembly shall be completed by 
entering the pipe past the gasket until it makes contact with the bottom of the socket.  The 
pipe shall be pulled "home" with an approved jack assembly as recommended by the pipe 
manufacturer.  If assembly is not accomplished by reasonable force, the plain end shall be 
removed and the condition corrected. 

 
C. Flanged joints shall be brought to exact alignment and all gaskets and bolts or studs inserted 

in their proper places.  Bolts or studs shall be uniformly tightened around the joints.  Where 
stud bolts are used, the bolts shall be uniformly centered in the connections and equal 
pressure applied to each nut on the stud.  Pipes in all lines subject to temperature changes 
shall be cut short and cold sprung into place to compensate for expansion when hot. 

 
D. Mechanical joints shall be made up with gaskets, glands and bolts.  When a joint is to be 

made up, the bell or socket and plain end shall be cleaned and washed with a solution of 
mild soap in water; the gland and gasket shall be slid onto the plain end and the end then 
entered into the socket until it is fully "home" on the centering ring.  The gasket shall then be 
painted with soapy water and slid into position, followed by the gland.  All bolts shall be 
inserted and made up hand tight and then tightened alternately to bring the gland into 
position evenly.  Excessive tightening of the bolts shall be avoided.  All nuts shall be pulled 
up using a torque wrench which will not permit unequal stresses in the bolts.  Torque shall 
not exceed the recommendations of the manufacturer of the pipe and bolts for the various 
sizes.  Care shall be taken to assure that the pipe remains fully "home" while the joint is 
being made.  Joints shall conform to the applicable AWWA Specifications. 

 
E. Threaded and/or screwed joints shall have long tapered full depth threads to be made with 

the appropriate paste or jointing compound, depending on the type of fluid to be processed 
through the pipe.  All pipe up to, and including 1-1/2-inches, shall be reamed to remove burr 
and stood on end and well pounded to remove scale and dirt.  Wrenches on valves and 
fittings shall be applied directly over the joint being tightened.  Not more than three pipe 
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threads shall be exposed at each connection.  Pipe, in all lines subject to temperature 
changes shall be cut short and cold sprung into place to compensate for expansion when 
hot.  Joints in all piping used for chlorine gas lines shall be made up with a glycerine and 
litharge cement.  Joints in plastic piping (PVC/CPVC) shall be laid and joints made with 
compounds recommended by the manufacturer.  Installation shall conform to the 
requirements of ASTM D2774 and ASTM D2855.  Unions required adjacent to valves and 
equipment. 

 
F. Soldered joints shall have the burrs removed and both the outside of pipe and the inside of 

fittings shall be thoroughly cleaned by proper tools recommended for that purpose.  Flux 
shall be applied to both pipe and inside of fittings and the pipe placed into fittings and 
rotated to insure equal distribution of flux.  Joints shall be heated and solder applied until it 
shows uniformly around the end of joints between fitting and pipe.  All joints shall be allowed 
to self-cool to prevent the chilling of solder.  Combination flux and solder paste 
manufactured by a reputable manufacturer is acceptable.  Unions required adjacent to 
valves and equipment. 

 
G. Welded joints shall be made by competent operators in a first class workmanlike manner, in 

complete accordance with ANSI B31.1 and AWWA C206.  Welding electrodes shall conform 
to ASTM A233, and welding rod shall conform to ASTM A251.  Only skilled welders capable 
of meeting the qualification tests for the type of welding which they are performing shall be 
employed.  Tests, if so required, shall be made at the expense of the Design/Builder, if so 
ordered by the Engineer.  Unions shall be required adjacent to valves and equipment. 

 
H. Copper joints shall be thoroughly cleaned and the end of pipes uniformly flared by a suitable 

tool to the bevels of the fittings used.  Wrenches shall be applied to the bodies of fittings 
where the joint is being made and in no case to a joint previously made.  Dimensions of 
tubing and copper piping shall be in complete accordance with the fittings used.  No flare 
joints shall be made on piping not suited for flare joints.  Installations for propane gas shall 
be in accordance with NFPA 54 and/or 58. 

 
I. Solvent or adhesive welded joints in plastic piping shall be accomplished in strict accordance 

with the pipe manufacturer's recommendations, including necessary field cuttings, sanding 
of pipe ends, joint support during setting period, etc.  Care shall be taken that no droppings 
or deposits of adhesive or material remain inside the assembled piping.  Solvent or adhesive 
material shall be compatible with the pipe itself, being a product approved by the pipe 
manufacturer.  Unions are required adjacent to valves and equipment.  Sleeve-type 
expansion joints shall be supplied in exposed piping to permit 1-inch minimum of expansion 
per 100 feet of pipe length. 

 
J. Dielectric unions shall be installed wherever dissimilar metals are connected except for 

bronze or brass valves in ferrous piping.  Unions shall be provided downstream of each 
valve with screwed connections.  The Design/Builder shall provide screwed or flanged 
unions at each piece of equipment, where shown, and where necessary to install or 
dismantle piping. 

 
K. Eccentric reducers shall be installed where air or water pockets would otherwise occur in 

mains because of a reduction in pipe size. 
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L. Joints in polypropylene and polyvinylidelene fluoride pipe shall be butt fusion weld.  All butt 
welding shall follow the requirements of ASTM D-2657 and the manufacturer's 
recommendations. 

 
3.9 FLUSHING AND TESTING 
 

A. All piping shall be properly flushed and tested unless specifically exempted elsewhere in the 
Specifications.  Air and gas pipelines shall be flushed and tested with compressed air.  
Gravity sewer piping shall be flushed and tested as specified in Section 02604 - Utility 
Structures.  All other liquid conveying pipelines shall be flushed and tested with water.  The 
Design/Builder shall furnish and install all means and apparatus necessary for getting the air 
or water into the pipeline for flushing and testing including pumps, compressors, gauges, 
and meters, any necessary plugs and caps, and any required blow-off piping and fittings, 
etc., complete with any necessary reaction blocking to prevent pipe movement during the 
flushing and testing.  All pipelines shall be flushed and tested in such lengths or sections as 
agreed upon among the Owner, Engineer, and Design/Builder Test pressures shall be as 
specified in Section 15390 – Schedules, and shall be measured at the lowest point of the 
pipe segment being tested.  The Design/Builder shall give the Owner reasonable notice of 
the time when he intends to test portions of the pipelines.  The Engineer reserves the right, 
within reason, to request flushing and testing of any section or portion of a pipeline. 

 
B. The Design/Builder shall provide water for all flushing and testing of liquid conveying 

pipelines. Non-potable water may be used for flushing and testing liquid pipelines not 
connected to the potable water system.  Only potable water shall be used for flushing and 
testing the potable water system.   

 
C. Air and gas piping shall be completely and thoroughly cleaned of all foreign matter, scale, 

and dirt prior to start-up of the air or gas system. 
 

D. At the conclusion of the installation work, the Design/Builder shall thoroughly clean all new 
liquid conveying pipe by flushing with water or other means to remove all dirt, stones, pieces 
of wood, etc., which may have entered the pipe during the construction period.  If after this 
cleaning any obstructions remain, they shall be corrected by the Design/Builder, at his own 
expense, to the satisfaction of the Owner.  Liquid conveying pipelines shall be flushed at the 
rate of at least 2.5 feet per second for a duration suitable to the Engineer 

 
E. Compressed/service air and gas piping shall be flushed by removing end caps from the 

distribution lines and operating one (1) compressor, in accordance with the manufacturer's 
instructions. 

 
F. After flushing, all air piping shall be pressure and leak tested prior to coating and wrapping of 

welded joints.  Immediately upon successful completion of the pressure and leak test, 
welded joints shall be thoroughly cleaned of all foreign matter, scale, rust, and discoloration 
and coated in accordance with the Specifications. 

 
G. All process air piping shall be leak tested by applying a soap solution to each joint.  Leak 

tests shall be conducted with one (1) blower in service at normal operating pressure. 
 

H. During testing the piping shall show no leakage.  Any leaks or defective piping disclosed by 
the leakage test shall be repaired or replaced by the Design/Builder, at his own expense, 
and the test repeated until all such piping shows tight. 
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I. All buried process air piping shall be pressurized to 25 psig and tested for leaks by applying 

a soap solution to each joint.  The air supply shall be stopped and the pipe pressure 
monitored.  System pressure shall not fall by more than 0.5% of the 25 psig test pressure 
over a one-hour test period.  Should the system fail to hold the required pressure for one 
hour, the cause shall be determined and corrected and the test repeated until a successful 
test of the entire system is obtained. 

 
J. Field leakage tests shall be performed for all submerged process air piping.  The procedure 

shall consist of operating the system under clear nonpotable water for visual identification of 
all leaks.  All submerged piping shall be installed free of any leaks. 

 
K. After flushing, all liquid conveying pipelines shall be hydrostatically tested at the test 

pressure specified in the appropriate Piping System Schedule in Section 15390 – 
Schedules.  The procedure used for the hydrostatic test shall be in accordance with the 
requirements of AWWA C600.  Each pipeline shall be filled with water for a period of no less 
than 24 hours and then subjected to the specified test pressure for 2 hours.  During this test, 
exposed piping shall show no leakage.  Allowable leakage in buried piping shall be in 
accordance with AWWA C600. 

 
L. Any leaks or defective pipe disclosed by the hydrostatic test shall be repaired or replaced by 

the Design/Builder, at his own expense, and the test repeated until all such piping shows 
tight.  

 
M. After flushing, all gas piping shall be leak tested in accordance with all local codes and 

regulations and in conformance with the recommendations or requirements of any National 
Institute or Association for the specific service application. 

 
3.10 DISINFECTION 
 

A. All pipe and fitting connected to and forming a part of a potable water supply shall be 
disinfected in accordance with the procedures described in AWWA C 651.  Disinfection shall 
also be in accordance with the requirements of the Virginia Department of Health (VDH) and 
the Owner. 

 
B. Disinfection shall be accomplished after the pipe has been flushed, if applicable, and passed 

the hydrostatic test.  Such piping shall be filled with 50 parts per million (PPM) of chlorine 
and held in contact for not less than 24 hours.  Final tests after 24 hours contact time shall 
show a minimum residual chlorine content of 10 ppm in all parts of the system.  Disinfection 
shall be repeated as often as necessary, and as directed by the Owner until the minimum 
residual chlorine content of 10 ppm has been reached. The Design/Builder shall obtain 
certificates of satisfactory bacteriological tests and furnish them to the Owner before the 
request is made for acceptance of the work.  The Design/Builder shall furnish and install, at 
his own expense, all means and apparatus necessary for performing the disinfection.  The 
chlorine solution shall be thoroughly flushed out prior to placing the new sections of pipe in 
service.  The Design/Builder is cautioned that the spent chlorine solution must be disposed 
of in such a way as not to be detrimental to animal, plant, or fish life. Chlorine residual tests 
will be made after flushing to assure that residual is not in excess of 1 ppm at any point in 
system. 

 
3.11 PAINTING AND COLOR CODING SYSTEM 
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A. All exposed piping specified shall be color coded in accordance with the Owner's standard 

color designation system for pipe recognition and in accordance with Section 15030 – Piping 
and Equipment Identification Systems.   

 
B. All piping specified in this Section shall be painted in accordance with Section 09900 – 

Painting, except as follows: 
 

1. Plastic Pipe  
 
2. Copper pipe 

 
3. Stainless steel pipe.   

 
 
 

- END OF SECTION - 
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SECTION 15006 
 

DUCTILE IRON PIPE 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. Design/Builder shall provide all labor, materials, equipment, and incidentals as shown, 
specified, and required to furnish and install ductile iron pipe and fittings. 

 
B. Extent of piping is shown on the Drawings.  Section 15390 – Schedules, specifies pipe 

service, diameter, lining, coating, pressure rating, joint type, and testing required. Piping 
installation is specified in Section15000 - Basic Mechanical Requirements.  

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 02200 – Earthwork  
 
B. Section 09900 – Painting  
 
C. Section 15000 - Basic Mechanical Requirements 
 
D. Section 15390 - Schedules 

 
1.03 REFERENCE SPECIFICATIONS, CODES, AND STANDARDS 

 
A. Reference Standards  

1. American Society of Mechanical Engineers (ASME): 
a. B1.1, Unified Inch Screw Threads (UN and UNR Thread Form). 
b. B16.1, Cast Iron Pipe Flanges and Flanged Fittings - Classes 25, 125 and 250. 

2. ASTM International (ASTM): 
a. A48, Standard Specification for Gray Iron Castings. 
b. A53, Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-Coated, 

Welded and Seamless. 
c. B695, Standard Specification for Coatings of Zinc Mechanically Deposited on 

Iron and Steel. 
3. American Water Works Association (AWWA): 

a. C203, Standard for Coal-Tar Protective Coatings and Linings for Steel Water 
Pipelines - Enamel and Tape - Hot Applied. 

b. C213, Standard for Fusion-Bonded Epoxy Coating for the Interior and Exterior 
of Steel Water Pipelines. 

c. C600, Standard for Installation of Ductile-Iron Water Mains and Their 
Appurtenances. 

4. American Water Works Association/American National Standards Institute 
(AWWA/ANSI): 
a. C104/A21.4, Standard for Cement-Mortar Lining for Ductile-Iron Pipe and 

Fittings. 
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b. C105/A21.5, Standard for Polyethylene Encasement for Ductile-Iron Pipe 
Systems. 

c. C110/A21.10, Standard for Ductile-Iron and Gray-Iron Fittings for Water. 
d. C111/A21.11, Standard for Rubber-Gasket Joints for Ductile-Iron Pressure Pipe 

and Fittings. 
e. C115/A21.15, Standard for Flanged Ductile-Iron Pipe with Ductile-Iron or Gray-

Iron Threaded Flanges. 
f. C150/A21.50, Standard for Thickness Design of Ductile-Iron Pipe. 
g. C151/A21.51, Standard for Ductile-Iron Pipe, Centrifugally Cast, for Water. 
h. C153/A21.53, Standard for Ductile-Iron Compact Fittings for Water Service. 

 
5. HRSD Standards and Preferences for Engineered Construction Projects  

 
1.04 QUALITY ASSURANCE  

 
A. Manufacturer Qualifications: 

1. Manufacturer shall have a minimum of five years successful experience producing 
ductile iron pipe and fittings and shall be able to show evidence of at least five 
installations in satisfactory operation in the United States that are similar applications 
to the specified service.   

2. Lining and coating products shall be manufactured by a firm with a minimum of five 
years successful experience in protecting pipelines exposed to the specified service 
conditions , and shall be able to show evidence of at least five installations in 
satisfactory operation in the United States that are similar applications to the specified 
service. 

3. When not applied by the manufacturer, lining and coating Subcontractor shall have a 
minimum of five years successful experience in the application of the specified linings 
and coatings for similar applications for the specified service, and shall be able to 
show evidence of at least five installations in satisfactory operation in the United 
States. 

 
B. Supply and Compatibility: 

1. Unless otherwise approved, obtain all pipe, fittings, and appurtenances included in this 
Section from a single ductile iron pipe manufacturer. 

2. Ductile iron pipe manufacturer shall review and approve or prepare all Shop Drawings 
and other  submittal procedures for pipe, fittings, and appurtenances furnished under 
this Section. 

3. Pipe, fittings, and appurtenances shall be suitable for the specified service and shall 
be integrated into overall piping system by ductile iron pipe manufacturer. 

4. Ductile iron pipe manufacturer shall be responsible for all products and all factory-
applied linings and coatings, whether installed at pipe manufacturer’s facility or at 
manufacturer’s Supplier’s facility. 

 
C. Regulatory Requirements: 

1. Pipe and fittings, including linings and coatings, that will convey potable water or water 
that will be treated to become potable, shall be certified by an accredited organization 
in accordance with NSF/ANSI 61 as being suitable for contact with potable water, and 
shall comply with requirements of authorities having jurisdiction at Site. 
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PART 2 -- PRODUCTS 
 
2.01 DUCTILE IRON PIPE AND FITTINGS 

 
A. Flanged Pipe and Fittings  

1. General: 
 a.  Furnish for exposed applications only.   
 b. All flanges shall conform to the requirements of ANSI B16.1.  Flanges shall be 

ductile iron and shall be of the threaded or screw on type. The face of the flanges 
shall be machined after installation of the flange to the pipe.  No raised surface 
shall be allowed on flanges. 

2. Pipe: Shall conform to ANSI/AWWA C115, Special thickness class 53, minimum. 
3. Joints and Fittings: Shall conform to ANSI/AWWA C110 or ANSI/AWWA C153  

  4. Gaskets: Shall conform to ANSI/AWWA C111.  Unless otherwise specified, gaskets 
shall be at least 1/8-inch thick, ring or full-face as required for the pipe, of synthetic 
rubber compound containing not less than 50 percent by volume nitrile or neoprene, 
and shall be free from factice, reclaimed rubber, and other deleterious substances.  
Gaskets shall be suitable for the service conditions specified, specifically designed for 
use with ductile iron pipe and fittings. Provide high temperature resistant sealing 
compound. 

  5. Bolts: Shall conform to ANSI B18.2.1. 
   a. Exposed: ASTM A307, Grade B. 
   b. Submerged: ASTM A193, Grade B8M, Class 2, Heavy hex, Type 316 stainless 

steel. 
  6. Nuts: Shall conform to ANSI B18.2.2. 
   a. Exposed: ASTM A563, Grade A, Heavy hex. 
   b. Submerged: ASTM A194, Grade B8M, Heavy hex, Type 316 stainless steel. 
  7. Manufacturers  
   a. American Cast Iron Pipe Company  
   b. US Pipe 
    c. McWane Ductile 

 
B. Mechanical Joint Pipe and Fittings  

1. General:  
 a. Furnish for buried applications only.   
2. Pipe: Shall conform to ANSI/AWWA C151, Special thickness class 51, minimum. 
3. Joints and Fittings: Shall Conform to ANSI/AWWA C110 or ANSI/AWWA C153 

  4. Gaskets: Plain Rubber SBR conforming to ANSI/AWWA C111 
  5. Glands: Ductile Iron 
  6. T Bolts and Nuts: High strength, low alloy steel 
  7. Manufacturers  
   a. American Cast Iron Pipe Company  
   b. US Pipe  
   c. McWane Ductile 

 
C. Joint Restraint for Mechanical Joint Pipe and Fittings (Retainer Glands) 

1. General:  
 a. Furnish for buried applications only.   
 b. Retainer glands shall be used in lieu of standard mechanical joint glands to 

provide full thrust restraint at or above design pressures. 
2. Material: Ductile Iron  
3. Pressure rating  
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 a. 3”-16” pipe, 350 PSI  
 b.  18”-48” pipe 250 PSI 

  4. Product / Manufacturer  
   a. Megalug by EBAA Iron, Inc.   
   b. One-Lok by Sigma Corporation  

 
D. Restrained Push-on Joint Pipe and Fittings  

1. General:  
 a. Furnish for buried applications only.   
 b. Joints shall provide full thrust restraint at or above design pressures.   
2. Pipe: Shall conform to ANSI/AWWA C151, Special thickness class 51, minimum. 
3. Joints and Fittings: Shall conform to ANSI/AWWA C110  

  4. Gaskets: Shall conform to ANSI/AWWA C111. Gasket shall be molded synthetic 
rubber of two hardnesses specifically shaped to fit the configuration of the gasket 
socket. 

  5. Joint System / Manufacturers 
   a. Flex-Ring by American Cast Iron Pipe Company 
   b. TR-Flex by US Pipe  
   c. TR-Flex by McWane Ductile  
 

 
2.02 INTERIOR LINING 

 
A. All ductile iron pipe and fittings, shall be cement mortar lined.  Lining shall conform to 

American Standard Specifications for Cement Mortar Lining for Cast Iron Pipe and Ductile 
Iron Pipe and Fittings, ANSI A21.4 (AWWA C104) and shall be standard thickness.  The 
mortar lining shall be protected with a bituminous seal coat.   

 
2.03 EXTERIOR COATING 

 
A. All buried ductile iron pipe and fittings shall have a bituminous coating on the exterior 

surfaces in accordance with ANSI A21.51 (AWWA C151).  
 B. All exposed piping shall be painted in accordance with Section 09900  

 
2.04 POLYETHYLENE ENCASEMENT 
 

A. All buried ductile iron pipe and fittings shall be wrapped with 1 layer of polyethylene 
encasement conforming to the requirements of ANSI/AWWA C105/A21.5 

 B. Polyethylene encasement shall have minimum thickness of 8 mil per layer. 
 
 
PART 3 – EXECUTION (NOT USED)  
 
 

- END OF SECTION - 
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SECTION 15008 
 

PVC/CPVC PIPE AND PVC HOSE 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. DESIGN/BUILDER shall provide all labor, materials, equipment, and incidentals as shown, 
specified, and required to furnish and install PVC/CPVC pipe and fittings. 

 
B. Extent of piping is shown on the Drawings.  Section 15390 – Schedules, specifies pipe 

service, diameter, pressure rating, joint type, and testing required. Piping installation is 
specified in Section15000 - Basic Mechanical Requirements.  

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 02200 – Earthwork  
 
B Section 15000 - Basic Mechanical Requirements 
 
C. Section 15390 - Schedules 

 
1.03 REFERENCE SPECIFICATIONS, CODES, AND STANDARDS 
 

A. Standards referenced in this Section are listed below: 
1. American Society for Testing and Materials, (ASTM). 

a. ASTM D 1785, Specification for Poly (Vinyl Chloride) (PVC) Plastic Pipe, 
Schedules 40, 80 and 120.   

b. ASTM D 2464, Specification for Threaded Poly (Vinyl Chlorinated) (PVC) Plastic 
Pipe Fittings, Schedule 80. 

c. ASTM D 2467, Specification for Poly (Vinyl Chloride) (PVC) Plastic Pipe Fittings, 
Schedule 80. 

d. ASTM D 2564, Specification for Solvent Cements for Poly (Vinyl Chloride) (PVC) 
Plastic Piping Systems.   

2. American Water Works Association, (AWWA). 
a. AWWA C900, PVC Pressure Pipe and Fittings, 4”-12” for water distribution. 
b. AWWA C901, PE Pressure Pipe and Tubing, 1/2-inch Through 3-inches, for Water 

Service.  
c. AWWA C905, PVC Water Transmission Pipe, Nominal Diameters 14-inches 

Through 36-inches. 
d. AWWA C906, PE Pressure Pipe and Fittings, 4-inches Through 63-inches for 

Water Distribution and Transmission.  
3. National Sanitation Foundation, (NSF). 

a. NSF 14, Plastic Piping Systems Components and Related Material. 
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PART 2 -- PRODUCTS 
 
2.01 POLYVINYL CHLORIDE (PVC) PIPE AND FITTINGS 
 

A. PVC pipe and fittings shall be manufactured in accordance with ASTM D 1785, D 1784 and 
F 441, "normal impact" pipe, Schedule 40 or 80 as specified. 

 
1. Fittings used with this pipe shall be socket type or flanged type as specified herein, 

in Section 15390 - Schedules, or indicated on the Drawings.  Plastic piping shall be 
installed in full accordance with the manufacturer's recommendations for the specific 
installation.  No field bending or distortion of the pipe will be permitted.   

 
2. PVC pipe shall be Type 1 Grade 1 conforming to ASTM D 1784 and D 1785.  Fittings 

shall conform to the following standard specifications: 
 

Socket Type (Schedule 40); ASTM D 2466 
Socket Type (Schedule 80); ASTM D 2467 

 
3. Provide flanged fittings of the same material as the specified pipe and material 

conforming to ANSI B16.5 at all valves and equipment except at true (double) union 
valves. Flange gaskets shall be natural rubber or other material fully compatible with 
the fluid being conveyed. Where flanged piping is used with chemical systems, the 
gasket material shall conform to the requirements of the following table. Flange bolts 
shall be type 316 stainless steel minimum, with higher grade materials used where 
necessary for fluid (chemical) compatibility.   

 

Chemical Acceptable Gasket Material 

Aluminum Chlorohydrate EPDM or Viton 

Ammonium Sulfate EPDM or Viton 

Phosphoric Acid Viton 

Polymer Viton 

Sodium Bisulfite EPDM or Viton 

Sodium Hydroxide, 50% EPDM 

Sodium Hypochlorite, 15% Viton 

 
4. Solvent cement for socket type joints shall conform to ASTM D 2564 for PVC pipe 

and fittings.  Solvent cement for sodium hypochlorite service shall be Weld-On 724 
as manufactured by IPS Corporation, or equal. 

 
B. C900-Class 200 shall be in sizes between 4 inches and 12 inches and shall meet the 

requirements of AWWA C900 "Poly Vinyl Chloride (PVC) Pressure Pipe" and shall conform 
to all the requirements of ASTM D1784 and ASTM D2241.  The pipe shall be a minimum of 
DR 14 and shall be capable of withstanding the overburden pressures determined by the 
depth of burial in the field. 

 
1. Pipe material shall be made from clean, virgin, NSF approved Class 12454-A PVC 

compound conforming to resin specification ASTM D1784.  Standard laying lengths 
shall be 20-feet (±1 inch).  Random lengths of not more than 15% of the total footage 
of each size may be shipped in lieu of the standard lengths.  Reruns of reclaimed 
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material shall not be accepted. 
 
2. The pipe shall have bell and spigot ends with push-on, O-ring rubber gasket, 

compression type joints conforming to the requirements of ASTM 2672.  Elastomeric 
gaskets shall conform to the requirements of ASTM F477. 

 
3. Minimum pipe stiffness (F/dY) at 5% deflection shall be 914 psi for all sizes when 

tested in accordance with D2241. 
 
4. The pipe shall be designed to pass a quick burst test pressure of 985 psi applied in 

60 to 70 seconds when tested in accordance with ASTM D1599, as referenced in 
ASTM D2241. 

 
5. Fittings for C900-Class 200, DR 14 shall be ductile iron, bolted mechanical joint. 

 
C. C900-Class 150 shall be in sizes between 4 inches and 12 inches and shall meet the 

requirements of AWWA C900 "Poly Vinyl Chlorine (PVC) Pressure Pipe" and shall conform 
to all the requirements of ASTM D1784 and ASTM D2241.  The pipe shall be a minimum of 
DR 18 and shall be capable of withstanding the overburden pressures determined by the 
depth of burial in the field. 

 
1. Pipe material shall be made from clean, virgin, NSF approved Class 12454-A PVC 

compound conforming to resin specification ASTM D1784.  Standard laying lengths 
shall be 20-feet (±1 inch).  Random lengths of not more than 15% of the total footage 
of each size may be shipped in lieu of the standard lengths.  Reruns of reclaimed 
material shall not be accepted. 

 
2. The pipe shall have bell and spigot ends with push-on, O-ring rubber gasket, 

compression type joints conforming to the requirements of ASTM 2677.  Elastomeric 
gaskets shall conform to the requirements of ASTM F477. 

 
3. Minimum pipe stiffness (F/dY) at 5% deflection shall be 435 psi for all sizes when 

tested in accordance with D2241. 
 
4. The pipe shall be designed to pass a quick burst test pressure of 755 psi applied in 

60 to 70 seconds when tested in accordance with ASTM D1599, as referenced in 
ASTM D2241. 

 
5. Fittings for C900-Class 150, DR 18 shall be ductile iron, bolted mechanical joint. 

 
D. PVC pressure rated pipe (PR 160) shall be in sizes between 1 1/2 inches and 12 inches and 

shall conform to all the requirements of ASTM D1784 and ASTM D2241 and shall be a 
minimum of SDR 26 and shall be capable of withstanding the overburden pressures 
determined by the depth of burial in the field.   

 
1. Pipe material shall be made from clean, virgin, NSF approved Class 12454-A PVC 

compound conforming to resin specification ASTM D1784.  Standard laying lengths 
shall be 20-feet (1± inch).  Random lengths of not more than 15% of the total footage 
of each size may be shipped in lieu of the standard lengths.  Reruns of reclaimed 
materials shall not be accepted. 

 



 

 
Sustainable Water Phase 3 –  PVC, CPVC Pipe – REV 0 
Demonstration Facility  15008-4 IFC June 2017 

2. The pipe shall have bell and spigot ends with push-on, O-ring rubber gasket, 
compression type joints conforming to the requirements of ASTM 2672.  Elastomeric 
gaskets shall conform to the requirements of ASTM F477. 

3. Minimum pipe stiffness (F/dY) at 5% deflection shall be 135 psi for all sizes when 
tested in accordance with ASTM D2241. 

 
4. The pipe shall be designed to pass a quick burst test pressure of 500 psi applied in 

60 to 70 seconds when tested in accordance with ASTM D1599, as referenced in 
ASTM D2241. 

 
5. The pipe shall be designed to pass for 1000 hours a sustained test pressure of 340 

psi when tested in accordance with ASTM D1598, as referenced in ASTM D2241. 
 

6. Fittings for PR 160, SDR 26 shall be PVC and designed for the pipe being supplied. 
 
E. PVC Gravity Sewer Piping: 

1. Furnish materials in full compliance with the following requirements: 
a. PVC Pipe, Joints, and Fittings: 

1) Pipe sizes 6 IN through 15 IN DIA, ASTM D3034 SDR 26. 
2) Pipe sizes 18 IN through 27 IN DIA, ASTM F679. 
3) Manufactured from approved PVC compound, ASTM D1784. 
4) Laying lengths shall be 13 FT or 20 FT. 
5) Integral bell with gasketed joints, except where specified otherwise 

on the Drawings. 
6) Joints: 

a) ASTM D3034, Section 6. 
b) Performance requirements of ASTM D3212. 

7) Rubber gaskets shall meet physical requirements in ASTM F477 and 
ASTM D1869. 

8) At no time shall gaskets be cut that will be used in the installation of 
pipeline 

 
F. Acrylonitrile-butadiene-styrene (ABS) shall conform to the requirements of ASTM D 2661. 

Pipe and fittings shall have socket type couplings with solvent cement joints.  Solvent 
cement shall conform to ASTM D 2235. 

 
 
G. Perforated and closed drainage pipe and fittings shall be rigid PVC pipe, Schedule 40 unless 

otherwise shown or specified with solvent welded type joints, or approved equal.  Pipe shall 
be slotted or have two rows of 1/4-inch diameter holes spaced 4-inches apart along the 
circumference of the pipe.  Longitudinal spacing of holes shall be 5-inches maximum. 

 
2.02 CHLORINATED POLYVINYL CHLORIDE (CPVC) PIPE AND FITTINGS 
 

A. CPVC shall be manufactured in accordance with ASTM D 1785, D 1784 and F 441, "normal 
impact" pipe, Schedule 40 or 80 as specified. 

 
B. Fittings used with this pipe shall be socket type or flanged type as specified herein or 

indicated on the Drawings.  Plastic piping shall be installed in full accordance with the 
manufacturer's recommendations for the specific installation.  No field bending or distortion 
of the pipe will be permitted. 
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C. CPVC pipe shall be Type 4, Grade 1, Schedule 80, conforming to ASTM D 1784 and ASTM 

F 441.  CPVC fittings shall be socket type conforming to ASTM F 439.   
D. Solvent cement for socket type joints shall conform to ASTM F 493 for CPVC pipe and 

fittings.  Solvent cement for sodium hypochlorite service shall be Weld-On 724 as 
manufactured by IPS Corporation, or equal. 

 
2.03 REINFORCED PVC HOSE AND FITTINGS  
 

A. Reinforced PVC hose shall be clear type, reinforced with polyester yarn. Hose shall be rated 
for the following working pressures: 

 

Internal Diameter Minimum Working Pressure (at 68°F) 

¼” 250 psi (125 psi at 110°F) 

½” 200 psi (100 psi at 110°F) 

1” 125 psi (63 psi at 110°F) 

 
B. Hose shall meet NSF 61 standards for drinking water.  Wetted materials shall be completely 

resistant to corrosion by the specified chemicals. 
 
C. Hose shall be contiguous for lengths as shown below and shall be contiguous inside casing 

pipe with no splices.   
 

Internal Diameter Minimum Contiguous Length 

¼” 300 feet 

½” 300 feet 

1” 200 feet 

 
D. Reinforced thermoplastic hose shall be a manufactured product of Parker Nexgen or equal. 
 
E. Joints shall be polypropylene or nylon compression type as required for the specified 

chemicals and as indicated in Section 15390 - Schedules. 
 
F. Hose manufacturer shall guarantee that the hose and connectors are suitable for use in the 

following services: 
 

1. Aluminum Chlorohydrate, 50% 
 

2. Ammonium Sulfate, 40% 
 
3. Phosphoric Acid, 75% 
 
4. Polymer 
 
5. Sodium Bisulfite. 38% 
 
6. Sodium Hydroxide, 5 - 50% 
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7. Sodium Hypochlorite, 2 - 15% 

 
 
 
PART 3 – EXECUTION (NOT USED)  
 

- END OF SECTION - 
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SECTION 15009 
 

HIGH DENSITY POLYETHYLENE (HDPE) PIPE 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. DESIGN/BUILDER shall provide all labor, materials, equipment, and incidentals as shown, 
specified, and required to furnish and install high density polyethylene pipe and fittings. 

 
B. Extent of piping is shown on the Drawings.  Section 15390 – Schedules, specifies pipe 

service, diameter, pressure rating, joint type, and testing required. Piping installation is 
specified in Section15000 - Basic Mechanical Requirements.  

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 02200 – Earthwork  
 
B. Section 15000 - Basic Mechanical Requirements 
 
C. Section 15390 - Schedules 

 
1.03 REFERENCE SPECIFICATIONS, CODES, AND STANDARDS 

 

A. Standards referenced in this Section are listed below: 
1. American Society for Testing and Materials, (ASTM). 
2. American Water Works Association, (AWWA). 

a. AWWA C901, PE Pressure Pipe and Tubing, 1/2-inch Through 3-inches, for Water 
Service.  

b. AWWA C906, PE Pressure Pipe and Fittings, 4-inches Through 63-inches for 
Water Distribution and Transmission. 

3. National Sanitation Foundation, (NSF). 
a. NSF 14, Plastic Piping Systems Components and Related Material. 

 
PART 2 -- PRODUCTS 
 
2.01 HIGH DENSITY POLYETHYLENE (HDPE) PIPE 
 

A. The pipe shall be manufactured from Type III, Category 5, Class C, Grade P34 polyethylene 
resin in accordance with ASTM D-1248 and shall be SDR11, minimum.  The pipe shall be 
manufactured in accordance with ASTM F-714 and shall conform to cell classification PE 
345434C for PE 3408 under ASTM D-3350.  The pipe material shall conform to the following 
cell classification requirements: 

Property  Value  
ASTM Test Procedure 

Designation 

Density  0.955 gm/cm3  D-1505 
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Melt Flow  0.1 gm/10 mil  D-1238 

Flexural Modular  133,000 psi  D-790 

Tensile Strength  3500 psi  D-638 

ESCR  Fo>5000  D-1693 

Hydraulic Design Basis  1600 psi  D-2837 

UV Stabilizer  2-3% carbon black  D-160 

 
B. The HDPE pipe shall have an elastic modulus of 100,000 psi as tested under ASTM D-638. 

The brittleness temperature shall be not greater than –180°F nor the Vicat Softening 
Temperature greater than 255°F as tested under ASTM D-746 and D-1525, respectively. 
The coefficient of thermal expansion shall be 8 x 10-5 inch/°F as tested under ASTM D-606. 
The Shore Hardness D shall be greater than 61 as tested under ASTM D-2240.  The 
Hydrostatic Design Stress Basis (HDB) shall be 1,600 psi at 23°C and 800 psi at 60°C as 
tested under ASTM D-2837.  The pipe shall contain no recycled materials or compounds. 

 
C. HDPE pipe shall be marked either continuously or on intervals not to exceed five (5) feet by 

indirect printing with the following information: 
 

1. Name and/or trademark of the manufacturer. 
 

2. Nominal pipe size. 
 

3. Dimension ratio. 
 
4. The letters PE followed by the polyethylene grade per ASTM D-1248, followed by the 

Hydrostatic Design basis in 100's of psi. 
 

5. Manufacturing Standard Reference. 
 

6. Production Code from which time and date of manufacture can be determined. 
 

D. HDPE fittings shall be manufactured to the requirements of ASTM D-3261 and this 
Specification.  Fabricated fittings shall be manufactured from pipe of at least one SDR 
heavier pipe than the system piping, and shall be pressure rated to match the system piping. 
The butt fusion outlets of fabricated fittings shall be machined to the same SDR as the 
system piping to which they are to be fused.  The manufacturer shall subject samples of 
each production lot of molded fittings to x-ray inspection for voids.  Voids shall not be 
permitted, should voids be found in the samples, the entire production lot shall be x-ray 
inspected.  If additional voids are found, the production lot shall be rejected.  The x-ray 
testing shall be conducted by an independent laboratory and certified test reports made 
available to the Engineer upon request.  Initial sampling shall be limited to not less than 5% 
of the production lot. 

 
E. HDPE pipes and fittings shall be joined one to another by thermal butt fusion, saddle fusion, 

or socket fusion in accordance with procedures recommended by the pipe manufacturer and 
as outlined in ASTM D-2657.  The manufacturer shall provide fusion training services to the 
Design/Builder upon request. 
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F. Butt fusion joining of unlike SDR's shall not be permitted.  Transition from one SDR to 

another shall be accomplished by the use of mechanical couplings or a transition nipple, 
which is a short length of the heavier SDR pipe with one end machined to the lighter SDR. 

 
G. Mechanical connections of polyethylene pipe to systems or fittings of other materials, or to 

unlike SDR, shall be by means of flanged connections (flange adapters and back-up rings 
rated for the same pressure service as the system piping), or mechanical compression 
couplings designed for jointing HDPE to HDPE or HDPE to another piping material. 

 
H. Flanged joints shall use compatible bolts in accordance with the American Standard 

Gaskets of reinforced rubber or asbestos-rubber shall be required when joining to 
non-HDPE materials.  Flanged HDPE joints shall be gasketed at all service pressures. 

 
I. Bolts in flanged joints shall be evenly torqued in a crossing pattern.  Bolts shall be re-torqued 

after one hour or more has passed.  HDPE pipe adjacent to flanged joints and the joints 
themselves shall be rigidly supported for a distance of one (1) foot or one pipe diameter, 
whichever is greater, beyond the flange assembly. 

 
J. When mechanical compression couplings are used HDPE pipes shall be reinforced by a 

stiffener in the pipe bore.  Stiffeners shall be properly sized from the size and SDR of pipe 
being joined.  Mechanical couplings shall be installed in accordance with the manufacturer's 
recommended procedure. 

 
K. Tests for compliance with this Specification shall be made as specified herein and in 

accordance with the applicable ASTM Specification.  A certificate of compliance and a report 
of each test shall be furnished by the manufacturer for all material furnished under this 
Specification.  HDPE pipe and fittings shall be rejected for failure to meet the requirements 
of this Specification. 

 
PART 3 – EXECUTION (NOT USED)  
 
 

- END OF SECTION - 
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SECTION 15012 
 

STEEL PIPE 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. Steel pipe and fittings shall conform to AWWA C200 for nominal pipe sizes 6-inches and 
larger and the latest edition of AWWA M11.  Steel pipe shall be new and shall meet or 
exceed the manufacturer and material requirements of ASTM A53, Grade B or ASTM A139, 
Grade B.  

 
B. Stainless steel pipe and fittings shall conform to ASTM A312/A 312M, Specification for 

Seamless and Welded Austenitic Stainless Steel Pipes.  
 

 
C. The AWWA Specifications referenced in this section are supplemented as follows: 

 
1. An affidavit of compliance is required from the pipe manufacturer. 

 

2. The steel manufacturer's certification that the material meets the ASTM Specification 
will be accepted in lieu of tests on specimens taken from the fabricated pipe. 

 

3. The fabricator may purchase steel plates on the chemical basis only, and shall 
furnish to the Owner certified test reports. 

 

4. Interior pipe joints shall be flanged unless otherwise indicated on the Drawings. 
 
 

D. Reference Section 15000, Basic Mechanical Requirements. 
 
 

PART 2 -- PRODUCTS 
 
2.01 INTERIOR STEEL PIPE AND FITTINGS  
 

A. Steel pipe shall be fabricated by either the spiral weld or single longitudinal seam method 
with a minimum yield strength of 35,000 psi.  Design stress in the pipe wall at the design 
pressure shall not exceed 50 percent of the minimum yield strength of the steel. 
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B. Steel pipe shall be manufactured to the nominal pipe sizes listed and shall have the 
following minimum wall thicknesses: 

 

Nominal Pipe 
Size 

Minimum Sheet or Plate Thickness, inches 

 

 

100 psi Design Pressure 
300 psi Design 

Pressure 

6 or less  0.125 0.125  

8-14  0.134 0.134  

16  0.134 0.188  

18  0.188 0.188  

20-24  0.250 0.250  

30  0.250 0.281  

36  0.250 0.344  

42  0.250 0.375  

48-54  0.250 0.500  

60-66  0.312 0.625  

72-84  0.375 0.750  

90  0.375 0.8125 

 
C. Fittings shall be fabricated from the pipe specified and shall conform to AWWA C208, 

Table 1 (Figure 1).  Fittings provided for the purpose of transition to other types of piping 
shall be in accordance with the applicable portions of AWWA C207 and AWWA C208, 
unless otherwise shown on the Drawings. 

 
D. Flanges shall be AWWA C207, standard hub type slip-on welding flanges, in accordance 

with the following table, unless otherwise required for connection to equipment: 
 

Design Pressure Flange Class 

86 psi or less (All sizes) B 

87 - 149 psi (4 - 12 inch) D 

87 - 175 psi (14 inch and larger) D 

150 - 275 psi E 

276 - 300 psi F 

 
E. All gaskets shall be the "Ring-Gasket" type, 1/8-inch minimum thickness.  Bolts shall be of 

the size and length called for and in accordance with the "American Standard" and comply 
with the requirements of the ANSI/AWWA Standards.  The bolts for flanged joints shall be a 
minimum ASTM A307; Grade B, hot-dip galvanized carbon steel in accordance with ANSI 
A21.10 (AWWA C1110) unless otherwise specified.  The bolts shall have hexagonal heads 
and nuts, no washers shall be used. 

 
F. The piping layout shown on the Drawings is based upon standard fittings available in ductile 

iron pipe in the case of water piping and typical fittings available in steel piping for process 
air.  In some instances, flange joints shown may not be required for steel pipe.  Welded 
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joints may be substituted for flange joints subject to approval by the Engineer.  Welded joints 
will not be acceptable where such joints would interfere with the removal of valves or 
equipment or create sections of piping too large for removal from structures as determined 
by the Engineer. 

 
G. Harnessed flexible couplings may also be used in lieu of flanges at locations approved by 

the Engineer.  Lugs shall be welded to the pipe in accordance with the requirements of 
AWWA Manual M11 for Steel pipe where required for harnessing of flexible couplings. 

 
H. Welded field connections shall be of the single "V" butt joint type in accordance with AWWA 

C206.  Welded connections shall not be permitted where such connections would interfere 
with the removal of valves or equipment or create sections of pipe too large for removal from 
structures.  All field welds shall be radiographically inspected when field welding is permitted. 

 
I. Exterior and interior coatings for steel pipe and fittings used for process piping shall be as 

follows: 
 

Type of Service Exterior Coating Interior Coating 

Water Section 09900 – Painting  
 

Liquid-Epoxy AWWA C210 
 

Process Air  Section 09900 – Painting  
 

Temperature Resistant 
Coating 

 
1. Liquid Epoxy interior coating shall be shop applied in accordance with AWWA C210. 

 Coating System shall be Pota-Pox Plus Series N140 by Tnemec Co. or Equal 
 

2. Interior Coating field touch up and repair shall be performed in accordance with 
AWWA C210 using the same coating system.  

 
3. Exterior of steel pipe shall be prepared and coating applied in accordance with 

Section 09900.  
 

4. The interior of all steel pipe for process air service shall receive a temperature 

resistant coating service rated for 400F continuous and 450F intermittent.  Coating 
shall be Thermaline 450 EP by Carboline equal.  After the coating has cured, it shall 
be thoroughly washed with high pressure water to remove all detachable particles. 

 
3. Areas of pipe to be welded shall receive 1 mil (dry) of weldable primer as 

manufactured by Carboline, or equal. 
 

 
2.02 STAINLESS STEEL PIPE AND FITTINGS  
 

A. Stainless steel pipe and fittings shall be fabricated in accordance with ASTM A312 and 
ASTM A778 as applicable. Provide Type 304L or 316L stainless steel pipe and fittings as 
shown or specified.  
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B.  Provide stainless steel pipe and fittings with the following wall thicknesses unless otherwise 
specified:  

 

Nominal Pipe Size Schedule/Gauge/Plate 

Less than 6-inch  Schedule 40 

10-inch and 12-inch diameters Schedule 5S 

10-inch and 12-inch diameters 12 gauge (.109 inches) 

14-inch thru 18-inch diameters 11 gauge (.125 inches) 

20-inch diameter 10 gauge (.140 inches) 

24-inch thru 36-inch diameters 3/16-inch (.187 inches) 

42-inch and 48-inch diameters 1/4-inch (.250 inches) 

54-inch and 60-inch diameters 5/16-inch (.312 inches) 

 
 
 C. Only seamless or one (1) longitudinal seam shall be permitted unless otherwise required for 

fabrication of large diameter pipe in accordance with ASTM A774. Joints shall be butt 
welded or flanged unless otherwise shown on the Drawings 
 

D. Fittings shall be fabricated from the pipe specified and shall conform to ASTM A774 and 
ASTM A403, unless otherwise shown on the Drawings or required for proper installation.   

 
E. Flanges where shown on the Drawings shall be a lap joint flange assembly consisting of a 

304L S.S. slip-on rolled angle ring with a 304L stainless steel drilled back up flange, or weld 
neck flange conforming to ANSI B16.1, Class 125.  Hardware shall be stainless steel per 
ANSI B18.2, type and grade to prevent galling.  The angle of leg shall not interfere with the 
flange bolt holes.  Alternately, slip-on plat flanges conforming to ANSI B16.1, Class 125 are 
acceptable. The plate flange shall be continuously welded to the pipe. 

 
F.     Bolts and Nuts: Provide hexagonal head and bolts and nuts.  Size and length in accordance 

with the “American Standard” and comply with the requirements of the ANSI/AWWA 
Standards.  The bolts for flanged joints shall be per ANSI B 18.2, stainless steel, type and 
grade to prevent galling.  No washers shall be used. 
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G.  The angle leg shall not interfere with the flange bolt holes.  The back-up flanges shall be 
supplied with the following nominal thicknesses. 

 

Nom. Pipe Size (in.) Flange Thickness (in.) 

2-1/2 – 3 ½ 

4 9/16 

6 – 10 5/8 

12 – 16 ¾ 

18 – 20 7/8 

24 – 30 1 

36 1-1/8 

42 1-1/4 

48 1-3/8 

54 1-3/8 

60 1-1/2 

 
 H. Gaskets for water piping shall be "Ring Gasket" type, 1/8-inch minimum thickness, cloth 

inserted rubber, red rubber or neoprene and shall be suited for the service intended.  For 
process air, all gaskets shall be 1/8-inch minimum thickness and shall be of a material 

suitable for 250F continuous service at 25 psig. Gaskets for LOX, GOX, OSW and Ozone 

Shall be Viton.  Dielectric gasket material service rated for 225F continuous service at 
25 psig shall be provided at all transitions to material other than mild steel.  

 
 I. Restrained flexible couplings: Where shown provide Victaulic Style 232 (formerly Depend-O-

Lok FXF) restrained flexible couplings with stainless streel body (matching pipe grade) and 
316 SS, hardware. O-rings shall be Viton. Minimum working pressure rating shall be greater 
than or equal to the specified working pressure of the pipe.    

 
J. Shop welding practices for joints shall conform to those specified for the manufacture of the 

pipe and fittings in ASTM A403, ASTM A774 and A778, and the specifications contained 
herein.  All welds shall be free from burrs, snags or rough projections. 

 
K. Shop Welding shall be performed by AWS certified welders in conformance with standard 

procedures.  Piping with wall thickness up to 11 gauge (0.125") shall be welded with the TIG 
(GTAW) process.  Heavier walls shall be properly beveled and have a root pass with the TIG 
(GTAW) process followed by subsequent passes with the TIG (GTAW), MIG (GMAW), or 
Metallic Arc (SMAW) process.  Filler wire of ELC grades only shall be added to all welds to 
provide a cross section at the weld equal to or greater than the parent metal.  Weld deposit 
shall be greater than the parent metal.  Weld deposit shall be smooth and evenly distributed 
and have a crown of no more than 1/16 inch on the I.D. and 3/32 inch on the O.D. of the 
piping or fittings.  Concavity, undercut, cracks or crevices shall not be allowed.  Butt-welds 
shall have full penetration to the interior surface, and inert gas shielding shall be provided to 
the interior and exterior of the joint.  Excessive weld deposits, slag, spatter and projections 
shall be removed by grinding.  Angle face rings shall be continuously welded on both sides 
to the pipe or fitting.  Welds on gasket surfaces shall be ground smooth. 
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L. After welding, all welded joints shall be treated with a pickling solution, brushed with 
stainless wire brushes and rinsed clean. 

 
M. All fittings shall be welded with 304L filler metal.  All elbows through 24 inch size shall be 

long radius, die formed and shall be automatically butt welded in accordance with ASTM 
A774 of the same material and thickness as the pipe, using gas tungsten-arc procedures 
with inert gas backing.  Tees, crosses, true Y's and laterals shall be shop fabricated.  All 
short radius, special radius, and reducing elbows and long radius elbows greater than 24 
inch shall be mitered construction with at least (5) miter sections for 90 degree bends, (3) 
mitered sections for 45 and 60 degree bends, and (2) mitered sections for 30 degree and 
smaller bends.  All reducers shall be straight tapered, cone type.  Longitudinal welds on all 
fittings, except elbows, shall be accomplished by the same procedures as listed for pipe. 
Weld seams shall have full penetration and be free of oxidation, crevices, pits, cracks and 
protrusions.  Fitting dimensions shall be in accordance with ANSI B16.9, and shall be 
terminated and dimensioned as indicated on the Drawings. 

 
N. Pipe spools shall be manually welded with 304L filler metal, using gas tungsten-arc 

procedures with internal gas purge where internal weld seams are not accessible.  Where 
they are accessible, seams shall be welded both inside and outside, using manual shielded 
metal-arc procedures.  Weld seams shall have full penetration and be free of oxidation, 
crevices, pits, cracks and protrusions. 

 
O. All pipe, fittings and spools shall be completely pickled and passivated by immersion in a 

nitric-hydrofluoric bath at the proper temperature and length of time to insure removal of all 
free iron, weld scale and other impurities and to insure the establishment of a passive 
surface.  A clean water rinse shall follow the acid pickle. 

 
P. The field testing procedure for process air piping shall use air pressure only.  Hydrostatic 

testing shall be utilized on all other stainless steel piping. 
 

Q. The inspection of all welds shall be required.  This shall be a visual inspection for crevices, 
pits, cracks, protrusions and oxidation deposits.  Presence of any of these items found in the 
weld seams shall be considered as grounds for rejection of the joint.  All welds shall be 
subject to x-ray inspection to ensure complete full penetration and compliance with Contract 
Documents.  Testing shall be conducted by third-party testing agency selected and paid for 
by the Owner.   

 
R. All fabricated piping shall have openings plugged and flanges secured for storage and/or 

transport after fabrication.  All fabricated piping shall be piece marked with identifying 
numbers or codes which correspond to the Design/Builder's layout and installation drawings. 
The marks shall be located on the spools at opposite ends and 180 degrees apart. 

 
S. The piping supplier during manufacturing, fabrication and handling stages, and the 

Design/Builder during handling and installation stages, shall use extreme care to avoid the 
contact of any ferrous materials with the stainless steel piping.  Only manufacturer 
recommended saws, drills, files, wire brushes, etc. shall be used for stainless steel piping. 
Pipe storage and fabrication racks shall be non-ferrous or stainless steel or rubber lined. 
Nylon slings or straps shall be used for handling stainless steel piping.  Contact with ferrous 
items may cause rusting of iron particles embedded in the piping walls.  After installation, the 
Design/Builder shall wash and rinse all foreign matter from the piping surface.  If rusting of 
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embedded iron occurs, the Design/Builder shall pickle the affected surface with Oakite 
Deoxidizer SS or equal, scrub with stainless steel brushes and rinse clean. 

 
 
2.03 STEEL PIPE AND FITTINGS FOR NATURAL GAS, PROPANE GAS AND COMPRESSED 

SERVICE AIR 
 

A. Steel pipe and fittings for natural gas, propane gas and compressed service air shall 
conform to ASTM A120, black, seamless, Schedule 40 or 80 as indicated in the Interior 
Piping System Schedule.  Unless otherwise shown or required, all pipe and fittings shall be 
threaded.  Fittings shall conform to ANSI B16.3, 300 pound class and shall be of the black 
malleable iron screw type.  All threaded joints shall conform to ANSI B2.1 with tapered 
threads at 3/4 inches per foot.  Joints shall be made tight with an oil and graphite paste or 
teflon thread tape applied to the male threads only.  All pipe 1-1/2-inches and smaller shall 
be reamed to remove scale and dirt. 

 
2.04 PROCESS AIR PIPE SUPPORT AND EXPANSION/CONTRACTION SYSTEM 
 

A. The process air pipe support and expansion/contraction system shall include fixed supports, 
sliding supports, couplings, and expansion joints as shown on the drawings. Pipe supports 
are specified in Section 15020. 

 
B. At least one coupling shall be provided between two fixed supports. Couplings shall be 

suitable for a pressure of 25 psig and a temperature of 300°F. Couplings shall be bolted, 
split-sleeve type and shall consist of a one-piece housing, gasket assembly, bolts and nuts, 
and end rings as required for pipe restraint.  

 
C Expansion joints shall be rubber, single arch style suitable for a pressure of 25 psig and a 

temperature of 300°F.  They shall have EDPM or Viton bodies, flanged ends and control 
units. Provide General Rubber Style 1101 or equal.  

 
 
PART 3 – EXECUTION (NOT USED) 
 
 

- END OF SECTION - 
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SECTION 15020 
 

PIPE SUPPORTS 
 
 
 

PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. Furnish all equipment, labor, materials, and design calculations required to provide pipe 
supports in accordance with the Contract Documents.   

 
B. No attempt has been made to show all of the required pipe supports either on the main 

Drawings or on the standard detail drawings.  The absence of pipe supports and details on 
the Drawings shall not relieve the Design/Builder of the responsibility of providing them 
throughout the project. 

 
C. All piping shall be adequately supported and braced by means of hangers and/or supports, 

concrete piers, supplemental lateral bracing components, pre-fabricated brackets, or 
otherwise as may be required by the location and forces applied per governing code, 
including gravity and lateral forces from earthquake and/or wind (if exterior). Generally, 
concrete supports shall be used where pipe centerline is less than 3 feet above floor, and 
hangers above 6 feet unless otherwise specified or shown. All necessary inserts or 
appurtenances shall be furnished and installed in the concrete or structures for adequately 
securing hangers and supports to the structure.  Refer to Standard Detail Drawings. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 

 
A. Division 3, Concrete – Appropriate and Related Sections  
 
B. Section 05010 – Metal Materials 
 
C. Section 05035 – Galvanizing 
 
D. Section 05050 – Metal Fastening 
 
E. Section 05061 – Stainless Steel 
 
F. Section 05120 – Structural Steel 
 
G. Section 05500 – Metal Fabrications 
 
H. Section 15000 – Basic Mechanical Requirements 
 
 

1.02 REFERENCES  
 

A. Standards referenced in this Section are listed below: 
 

1. Federal Specification, (FS). 
a. FS A-A-1192, Hangers, Pipe. 

3
2

4
1

4
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0
0
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2. Manufacturers Standardization Society of the Valve and Fittings Industry, (MSS). 

a. MSS SP 58, Pipe Hangers and Supports-Materials, Design and Manufacture. 
b. MSS SP 69, Pipe Hangers and Supports - Selection and Application. 
 

3. Underwriters’ Laboratories, Inc., (UL). 
a. UL 203, Pipe Hanger Equipment for Fire Protection Service. 

 
1.03 SUBMITTALS 
 

A. Applicable and associated cut sheets and drawings for materials and support components 
shall be submitted with the Shop Drawings in accordance with or in addition to the submittal 
requirements specified in Section 01 33 00 – Submittal Procedures:  Section 15000 - Basic 
Mechanical Requirements and other referenced Sections above. 

 

1. Catalog cut information on all system components such as pipe supports, hangers, 
guides, anchors, and channel-type supports. Load ratings, materials and installation 
shall be consistent with the recommendations of the MSS SP 58, MSS SP 69 and 
Federal Specification A-A-1192. 

 

2. Drawings of the piping support systems, locating each support, brace, hanger, guide, 
component and anchor.  Identify support, hanger, guide and anchor type by catalog 
number and Shop Drawing detail number. 

 

 
1.04 QUALITY ASSURANCE 
 

A. Each type of pipe hanger or support shall be the product of one manufacturer.  
 
 

PART 2 – PRODUCTS 
 
2.01 GENERAL 
 

A. Where special pipe support fabrications are required, products and execution shall be as 
specified in Section 05500 - Metal Fabrications and other related and referenced Sections of 
the Specifications.  

 
B. Concrete pipe supports shall be as shown on the standard detail drawings  
 
C. Hangers and supports shall meet the following requirements: 

 
1. All fabricated metal hangers and supports shall be capable of adjustment after 

installation.   
 
2. Metal pipe support materials, where stainless steel pipe is supported, shall be Type 

304 stainless steel meeting the requirements of Section 05061 - Stainless Steel. 
 
3. Metal pipe support materials, where carbon steel, ductile or other ferrous pipe is 

supported, shall be galvanized carbon steel meeting Section 05120 - Structural Steel 
and Section 05035 - Galvanizing unless otherwise shown or specified.  

 
4. Copper piping shall be supported by plastic coated or copper plated steel hangers 
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and supports. 
 
5. Plastic piping shall be supported by plastic coated steel hangers and supports. 
 
6. Chemical area piping shall be supported by fiberglass reinforced plastic (FRP) 

supports.  
 
7. Supports and hangers for plastic and FRP piping shall include wide saddles or 

bands as recommended by the manufacturer and approved by the Engineer to 
distribute load and thus avoid localized deformation of the pipe.  

 
8. Hangers and supports shall prevent contact between dissimilar metals by use of 

copper plated, rubber, vinyl coated or stainless steel hangers. 
 
9. Hangers and supports shall provide for thermal expansion throughout the full 

operating temperature range. 
 
10. Hanger rods shall be straight and vertical.  Chain, wire, strap, or perforated bar 

hangers shall not be used.  
 
11. Standard and fabricated hangers and supports shall be furnished complete with 

necessary inserts, bolts, nuts, rods, washers, and other accessories. 
 
12. Expansion and adhesive type anchors used for pipe hangers and supports shall be 

Type 304 stainless steel. 
 
13. All gravity type hangers and supports shall be restrained laterally to resist seismic 

loading and other loading as required by the governing code. 
  

 
2.02 HANGERS AND SUPPORTS 
 

A. Hangers and supports where shown shall be in accordance with the drawings.  Hangers and 
supports not shown shall be in accordance with MSS SP 58. 

 
B. Products and Manufacturers:  Provide one of the following: 

1. Unistrut Corporation 
2. Anvil International, Inc. 
3. B-Line. 
4. Or equal. 

 
C. Chemical Piping Systems: 

1. All pipe supports and fasteners shall be glass fiber-reinforced plastic with a flame 
spread rating of 25, in accordance with ASTM E 84. 

2. Materials shall be manufactured by either the pultrusion or extrusion process. 
3. All pipe supports shall have a surface veil over 100 percent of the surface which, 

along with a filler system, shall protect against degradation from ultra-violet light. 
4. All fasteners shall be manufactured from long glass fiber-reinforced polyurethane to 

ensure strength and corrosion resistance. 
5. All-thread rods shall be made from vinylester resin. 
6. Manufacturers:  Provide products of one of the following: 

a. Unistrut Company. 
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b. Aickinstrut 
c. Enduro Fiberglass Systems 
d. Or equal.  

 
 

2.03 ACCESSORIES  
 
A. Concrete Inserts: 

1. Concrete inserts shall be MSS SP 58 malleable Type 18. 
2. Manufacturers: Provide products of one of the following: 

  a. Unistrut Corporation 
  b. B-Line 
  c.  Anvil International, Inc. 
  d. Or equal 
 
B. Steel Beam Clamps: 

1. Steel beam clamps shall be of malleable iron and conform to MSS SP 58. 
 
C. Inserts for Pipe Insulation: 

1. Insulated pipe, larger than 1-1/2-inches in diameter, shall be supported by a rigid 
insert to protect the insulation.  A steel metal saddle of sufficient gauge to carry the 
weight of the pipe and its fluid without deforming shall extend 2-inches minimum on 
each side of the rigid insert.  The joints between insert and insulation shall be sealed 
before saddle is installed.  Sizes up to 6-inches IPS shall be MSS SP 58, Type 40, 
and for sizes over 10-inches shall be MSS SP 58, Type 39. 

 
D. Brackets: 

1. Brackets for wall mounting shall be 304 SS and conform to MSS SP 58. 
 
E. Pipe Roll: 

1. To provide for pipe expansion, pipe shall be supported on adjustable malleable or 
steel pipe rolls. 

 
F. Fabricated Pipe Rack: 

1. Pipes shall be supported and anchored to the fabricated pipe racks as shown on the 
drawings.  Clamps, rollers, and supports for piping shall be 304SS and conform to 
the general requirements of MSS SP 69. 

 
PART 3 -- EXECUTION 
 
3.01 GENERAL INSTALLATION REQUIREMENTS 
 

A. Install pipe anchors (fixed supports and/or guides) where shown and/or as may otherwise be 
required to withstand expansion thrust loads and to direct and control thermal expansion.  
The Design/Builder may install additional pipe anchors and flexible couplings to facilitate 
piping installation, provided that complete details describing location, pipe supports and 
hydraulic thrust protection are submitted. 
 

B. Install items to be embedded before concrete placement. 
 

C. Install hangers and supports in accordance with the manufacturer’s recommendations.  
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D. Install hangers or supports at all locations where pipe changes direction or in elevation, at 
each side of tees, adjacent to flexible joints, expansion joints, and couplings, and where 
shown. 
 

E. Provide supports on straight runs of piping at maximum spacing as shown and specified. 
 

F. All suspended or supported ductile iron pipe shall have a hanger or support adjacent to each 
hub. 

 
G. Support large or heavy valves, fittings, flow meters and appurtenances independently of the 

connected piping. 
 
H. Pipe shall not be supported by the piping above it.  
 
I. Pipe shall not be supported by equipment.   

 
J. Piping supports and hangers shall not be installed in equipment access areas or bridge 

crane runs. 
 

K. Brace hanging pipes against horizontal movement by both longitudinal and lateral sway 
bracing. 
 

L. Generally, run piping in groups where practicable and parallel to building wall.  Provide 
minimum clearance of 1-inch between pipe and other work. 
 

M. Support vertical piping at each floor and between floors by stays or braces to prevent rattling 
and vibration. 
 

N. Different types of hangers and supports along a pipe length, including bends, shall be kept 
to a minimum. 
 

O. Adjust hangers and supports and place grout for concrete supports to bring pipes to 
specified elevations.  
 

P. Bring all piping systems up to operating pressures and temperatures. Cycle systems to 
duplicate operating conditions. Correct all support malfunctions.  

 
3.02 PIPE SUPPORT SPACING  
 

A. Unless otherwise shown, provide pipe supports at the following maximum spacing:  
  

 
Pipe Size 
(inches) 

Maximum Pipe Span (feet) 

Steel Copper Plastic 
Cast/Ductile 
Iron 

3/8 to 3/4 5 6 Continuous - 

1 6 6 5 - 

1-1/4 6 6 5 - 

1-1/2 6 6 5 - 

2 10 10 5 - 

2-1/2 10 10 5 - 

3 10 10 5 - 
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4-10 12 - 5 12 feet for 
pressure 

pipe 
10 feet for 
soil pipe 

12-24 12 - 10 

>24 As shown - As shown As shown 

 
 
3.02 THREADED STEEL RODS  
 

A. Unless otherwise shown, provide hanger rods of the following sizes:   
 
 Nominal Pipe Rod Diameter 
 (Inches)       (Inches)  
 2 and less 3/8 
 2-1/2 to 3-1/2 1/2 
 4 5/8 
 6 3/4 
 8 through 12 7/8 
 14 through 18 1 
 20 through 30 1-1/4 

 
 
 
 

- END OF SECTION - 
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SECTION 15030 
 

PIPING AND EQUIPMENT IDENTIFICATION SYSTEMS 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish and install all components of the system for identification of 
piping and equipment as specified.  The system shall include the application of color coding 
to all new and altered plant piping.  The Design/Builder shall paint all equipment and piping 
in the colors specified herein, and in accordance with the requirements of Section 09900, 
Painting. 

 
B. The Design/Builder shall submit a schedule of the colors and designations proposed in 

accordance with Section 01 33 00, Submittal Procedures, and this Section.  A minimum of 
four (4) color charts with cross-references to the colors listed herein shall be included with 
the Submittal. 

 
D. Reference Section 15000, Basic Mechanical Requirements. 

 
1.02 COLOR SHADE CODE  
 

A. The Color Shade Code shall be used to provide a uniform shade of color when using various 
manufacturers and types of coatings.  The color shall be based on the U.S. Government 
Federal Register 595 Paint Color Number. 

 
 

Color Shade Paint Color Number 

Aluminum 17178 

Black 17038 

Blue 15050 

Brown 10091 

Gray 16473 

Green, Dark 14062 

Green, Light 14533 

Orange 12246 

Purple 17100 

Red 11105 

White 17875 

Yellow 13655 

 

3
2

4
1

4
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0
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1.03 EQUIPMENT AND PIPING IDENTIFICATION CODE   
 

A. The Equipment and Piping Color Identification Code shall be used to identify all piping and 
equipment. The identification for all piping and equipment shall include both the proper 
coating color and the proper stenciled markings. The selected color for individual equipment 
and piping shall be based on the type of service involved as shown below or directed by the 
Owner.  
 

Service  Abbreviation Color 

ALUMINUM CHLORIDE AC Orange 

AMMONIA  AMMONIA  Orange  

BACKWASH AIR SUPPLY BAS Owner to Choose 

BIOFILTER EFFLUENT BE Owner to Choose 

BIOFILTER INFLUENT BI Owner to Choose 

SODIUM BISULFITE BISULF Purple 

BACKWASH SUPPLY  BWS  Owner to Choose 

BACKWASH WASTE  BWW Grey 

CAUSTIC  CAUSTIC  Orange  

COAGULANT COAG  Orange 

FILTER AID POLYMER FTAP Orange  

FLOC AID POLYMER FLAP Orange  

FLOOR DRAIN FD  Grey 

FIRE PROTECTION FIRE  Red 

FILTER TO WASTE  FTW  Grey 

FINISHED WATER  FW Owner to Choose 

GAC EFFLUENT GE  Owner to Choose 

GASEOUS OXYGEN GOX Owner to Choose 

GAC BACKWASH SUPPLY GWS Owner to Choose 

GAC BACKWASH WASTE GWW Grey 

HIGH PRESSURE SERVICE 
AIR  

HPSA  Owner to Choose 

SODIUM HYPOCHLORITE HYPO  Orange  

HOT WATER SUPPLY HWS Owner to Choose 

INFLUENT INF Owner to Choose 

LIQUID AMMONIUM SULFATE LAS Orange  

LIQUID POLYMER  LPOLY Orange  

LIQUID OXYGEN LOX Owner to Choose 

LOW PRESSURE SERVICE 
AIR  

LPSA  Owner to Choose 

PREFORMED CHLORAMINES NHCL Owner to Choose 

NON POTABLE WATER  NPW  Lt. Green  

PROCESS OVERFLOW  OF   

OFF SPEC WATER  TO NTP 
CCT 

OFF Grey 

OZONATED SETTLED 
WATER 

OSW Owner to Choose 

GASEOUS OZONE OZONE Owner to Choose 

PHOSPOHORIC ACID PHOS A Orange 

PILOT FEED PILOT  Owner to Choose 

PILOT DRAIN PILOT D Grey 
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Service  Abbreviation Color 

PROCESS DRAIN  PD  Grey 

POTABLE WATER  PW  Owner to Choose 

ROOF DRAIN  RD Grey 

SAMPLE  SAMP  Owner to Choose 

SANITARY SEWER  SAN Grey 

SECONDARY CLARIFIER 
EFFLUENT 

SCE  Grey 

STORM DRAIN SD  Grey 

SETTLED SOLIDS  SES  Brown  

SOFTENED WATER SFW Owner to Choose 

SUMP PUMP DISCHARGE SPD Grey 

SANITARY SEWER FORCE 
MAIN 

SSFM  Grey 

SETTLED WATER  STW  Owner to Choose 

SEAL WATER  SW  Lt. green 

UTILITY WATER UW Owner to Choose 

VENT  V Grey 

WELL BACKFLUSH  WB  Owner to Choose 

   

 
 
PART 2 -- PRODUCTS 
 
2.01 PAINT  
 

A. Provide paint in accordance with Section 09900.  
 
2.02 PIPE BANDS AND LABLES FOR NON-PAINTED PIPE 
 

A. Color coded pipe bands, labels, and arrows shall be plastic snap on type. Provide Setmark 
Pipe Markers as manufactured by Seton, or equal. 

 
 
PART 3 – EXECUTION   
 
 
3.01 PIPING IDENTIFICATION  
 

A. All pipe with the exception of stainless steel and plastic pipe shall be painted in accordance 
with Section 09900 and using the Equipment and Piping Identification Code.  

 
B. The Design/Builder shall apply identification markings to all pipe.  Markings shall be in the 

form of plain block lettering giving the name of the pipe content in full or abbreviated form, 
and showing the direction of flow by arrows.    

C. All lettering shall be formed by stenciling in an approved manner and shall have an overall 
height in inches in accordance with the following: 
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       Pipe Size           Letter Size 
 
    Up to 1 ½ inch    ½ inch 
    2 to 6 inches    1 ¼ inch 
    8 inches and up   2 ½ inch 
 

D. Stenciled markings shall include both the proper unit process flow abbreviations and a 
directional arrow indicating the proper flow direction as appropriate. 

 
E. Stenciled markings shall be placed wherever pipes pass thru walls, at the influent and 

effluent of pumps or valves, at intersections, and at regular intervals along pipe runs, but no 
less than every (15) feet in pipe length.  

 
F. Stenciled markings shall be black or white in color to contrast with the pipe background color 

as appropriate and shall be properly inclined to the pipe axis to facilitate easy reading. 
 
 
3.02 PIPE BANDS AND LABLES FOR NON-PAINTED PIPE 
 

A. Stainless Steel and Plastic pipe shall be marked with snap on color coded identification 
bands and labels that match the same color, content, letter size, minimum locations and 
spacing as the painted labels indicated above.  

 
B. Labels and arrows shall be placed wherever pipes pass thru walls, at the influent and 

effluent of pumps or valves, at intersections, and at regular intervals along pipe runs, but no 
less than every (15) feet in pipe length. 

 
C. Pipe bands shall be 6-inches wide min and spaced 30-inches on centers regardless of the 

diameter of the pipe.  
 
 
3.03 EQUIPMENT IDENTIFICATION  
 

A. All equipment shall be painted in accordance with Section 09900 and using the Equipment 
and Piping Identification Code.  

 
B. The Design/Builder shall apply identification markings to all equipment.  Markings shall be in 

the form of plain block lettering formed by stenciling in an approved manner and shall have 
an overall height of 2 ½ Inches.  

 
D. Stenciled markings shall be placed on multiple units of equipment to indicate the unit 

number, i.e., No.1, No. 2, etc.  
 
F. Stenciled markings shall be black or white in color to contrast with the background color as 

appropriate and shall be located to facilitate easy reading. 
 

- END OF SECTION -  
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SECTION 15095 
 

VALVES, GENERAL 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish and install, complete with all assemblies and accessories, 
all valves shown on the Drawings and specified herein including all fittings, appurtenances 
and transition pieces required for a complete and operable installation.   

 
B. All valves shall be constructed of first quality materials which have strength, wearing, and 

corrosion resistance characteristics entirely suitable for the types of service for which the 
individual valves are designated.  Except where noted otherwise, valves designated for 
water service shall conform to pertinent sections of the latest revision of AWWA C500 
Series Specifications.  Cast iron valve bodies and parts shall meet the requirements of the 
latest revision of ASTM Designation A-126, "Standard Specifications for Gray Iron Castings 
for Valves, Flanges, and Pipe Fittings, Class B." 

 
C. All valve body castings shall be clean, sound, and without defects of any kind.  No plugging, 

welding, or repairing of defects will be allowed. 
 

D. Valves shall have flanged ends for exposed service and mechanical joint ends for buried 
service, unless otherwise shown on the Drawings or specified herein.  Flanged ends shall be 
flat-faced, 125 lb. American Standard unless otherwise shown or specified in accordance 
with ANSI B16.1.  All bolt heads and nuts shall be hexagonal of American Standard size. 
The Design/Builder shall be responsible for coordinating connecting piping.  Valves with 
screwed ends shall be made tight with Teflon tape.  Unions are required at all screwed joint 
valves. 

 
1.02 SUBMITTALS 
 

A. Shop Drawings conforming to the requirements of Section 01 33 00, Submittal Procedures, 
are required for all valves, and accessories.  Submittals shall include all layout dimensions, 
size and materials of construction for all components, information on support and anchoring 
where necessary, pneumatic and hydraulic characteristics and complete descriptive 
information to demonstrate full compliance with the Documents.  Shop Drawings for 
electrically operated/controlled valves shall include all details, notes, and diagrams which 
clearly identify required coordination with the electrical power supply and remote status and 
alarm indicating devices.  Electrical control schematic diagrams shall be submitted with the 
Shop Drawings for all electrical controls.  Diagrams shall be drawn using a ladder-type 
format in accordance with JIC standards.   

 
B. Operation and maintenance manuals and installation instructions shall be submitted for all 

valves and accessories in accordance with the Specifications.  The manufacturer(s) shall 
delete all information which does not apply to the equipment being furnished. 
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1.03 DESIGN BUILDER'S RESPONSIBILITIES 
 
 

A. The Design/Builder shall provide the services of a qualified representative of the 
manufacturer(s) of the equipment named below to check out and certify the installation(s), to 
supervise the initial operation, and to instruct the Owner's operating personnel in proper 
operation and maintenance procedures in accordance with the following schedule: 

 

Item Valve/Operator Type 

Minimum On-Site 

Time Requirements 

   

   

1. Motor Operated Modulating Valves One (1) 8-hour day 

2. Motor Operated Open-Close Valves (required only 
if manufacturer is other than for Item 1 above) 

One (1) 8-hour day 

   

 
B. Any additional time required to achieve successful installation and operation shall be at the 

expense of the Design/Builder.  The manufacturer's representative shall sign in and out at 
the office of the Engineer's Resident Project Representative on each day he is at the project. 

 
C. A written report covering the representative's findings and installation approval shall be 

delivered directly to the Engineer covering all inspection and outlining in detail any 
deficiencies notes. 

 
D. The times specified are exclusive of travel time to and from the facility and shall not be 

construed as to relieve the manufacturer of any additional visits to provide sufficient service 
to place the equipment in satisfactory operation. 

 
 
PART 2 -- PRODUCTS 
 
2.01 FLOW INDICATORS 
 

A. Flow indicators shall be the Akron ball-type as manufactured by Brooks Instrument Co., 
Fischer and Porter, or equal, and shall have bronze bodies, glass dome, and plastic ball. 

 
2.02 CORPORATION STOPS 
 

A. Corporation stops shall be of bronze with tapered male iron pipe threads on inlets and 
outlets.  Terminal outlets shall have screwed bronze hex head dust plugs or caps.  Unions 
shall be used on all corporation stop outlets with connecting piping.  Corporation stops shall 
have a minimum working pressure rating of 250 psi and shall be as manufactured by Mueller 
Co., Hays Mfg. Div. of Zurn Industries, or equal. 
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2.03 FLOOR BOXES 
 

A. Floor boxes shall be provided for all nut operated or floor accessed valves.  Floor boxes 
shall be of the adjustable, sliding type, cast iron, suitable to withstand heavy traffic, as 
manufactured by James B. Clow & Sons, Kennedy Valve Mfg. Co., or equal.  The covers 
shall be marked with appropriate designations of piping contents (i.e.: water, sewer) and 
bases shall be the round type.  All nut operated valves in this Section shall be clearly 
identified by stainless steel or laminated plastic identification tags.  The tags shall be 
permanently affixed to the inside of the floor boxes, under grating, etc. and shall bear the 
embossed letters which clearly identify each valve by its appropriate designation. 

 
B. Two (2) valve operating wrenches shall be supplied in 4 foot lengths with tee handles for 

each size nut supplied.  Valve wrenches shall be Model No. F-2520 as manufactured by 
James B. Clow & Sons, Kennedy Valve Mfg. Co., Figure No. 122, or equal. 

 
2.04 VALVE BOXES 
 

A. The Design/Builder shall furnish and install valve boxes as shown on the Drawings and 
specified herein. 

 
B. All valve boxes shall be placed so as not to transmit shock or stress to the valve and shall be 

centered and plumb over the operating nut of the valve.  The ground in the trench upon 
which the valve boxes rest shall be thoroughly compacted to prevent settlement.  The boxes 
shall be fitted together securely and set so that the cover is flush with the finished grade of 
the adjacent surface.  A concrete pad as detailed on the Drawings shall be provided around 
the valve box, sloped outwards. 

 
C. All valve boxes shall conform to HRSD Standards and Section 05540 Castings.  

 
2.05 STRAINERS 
 

A. Y-Strainers shall be Y-pattern cast iron body, flanged or screwed ends with stainless steel or 
Monel, 20 mesh strainers.  Strainers shall be 200 psi, cold-water service strainers, as 
manufactured by WATTS, Crane Co., Zurn, or equal. 

 
B. Caustic service Y-strainers shall be provided as shown on the drawings.  Strainers shall be 

full port-full flow design manufactured of 304 or 316 stainless steel body.  Y-strainers shall 
be furnished with flanged ends.  The strainer screen shall be 1/32-inch perforation, easily 
removable, manufactured of the same material as the valve body. 

 
C. Stainless steel Y-strainers shall be provided as shown on the drawings.  Strainers shall be 

full port-full flow design manufactured of 304 or 316 stainless steel body.  Y-strainers shall 
be furnished with flanged ends.  The strainer screen shall be 1/32-inch perforation, easily 
removable, manufactured of the same material as the valve body. 

 
D. PVC and CPVC Y-strainers shall be provided in PVC and CPVC piping and as shown on the 

Drawings.  Strainer shall be provided with PVC or CPVC body and end cap, EPDM or Viton 
seal as required for the chemical service, and 20 mesh screen.  Temperature rating shall be 
30°F to 140°F, and pressure rating shall be 150 psi @ 70°F, non-shock.  PVC and CPVC y-
Strainers shall be as manufactured by Asahi/America, Hayward, or equal. 
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E. Duplex basket strainers shall be the manually cleaned, tapered plug type.   

 
1. Strainers 3-inches in diameter and larger shall have flanged ends conforming to 

ANSI B16.1-125/150 pound standard.   
 

2. Strainers less than 3-inches in diameter shall have screwed end connectors, unless 
otherwise shown on the Drawings.   

 
3. Strainers shall be constructed with an ASTM A48, Class 30 cast iron body, ductile 

iron trim, removable 0.045 inch staggered hole perforation, 304 stainless steel filter 
baskets and gauges on the inlet and outlet.   

 
4. All strainers shall be suitable for 125 psi service. 

 
5. Switching flow from one basket to the other shall be accomplished by moving the 

handle through a 180 arc.  The switching operation shall not stop flow through the 
strainer and shall provide for on-line removal of either basket with the other basket 
functional.  The plug shall be automatically positioned with integral stops and shall 
be easily lifted and reseated under pressure.   

 
6. The strainer shall be designed to minimize the possibility of material bypassing the 

plug while being rotated and to prevent debris from building up under the plug.  The 
strainer covers shall be designed for quick opening with swing away yoke.   

 
7. Each basket compartment shall have a side drain outlet.   

 
8. All strainers shall be provided with support legs.   

 
9. Duplex basket strainers shall be similar to the Model 53BTX as manufactured by 

Hayward, or equal. 
 

F. PVC and CPVC simplex basket strainers shall be provided in PVC and CPVC piping as 
shown on the Drawings.  1/2”-4” strainers shall be one-piece molded body with (3) ports to 
facilitate straight-thru flow pattern or u-shape flow pattern as required.  Connections shall be 
true union type to ease installation/future maintenance.  The cover, vent plug, and drain plug 
shall all be hand-removable, requiring no tools.  EPDM or Viton seals shall be used as 
required for chemical service, and internal baskets shall be 1/32” perforation (20-mesh) for 
1/2”-1” sizes, and 1/8” perforation for 1-1/2”-8” sizes.  6” and 8” strainers shall be fabricated 
construction and shall contain flanged connections as standard.  The pressure rating for 
1/2”-8” sizes shall be 150 psi @ 70°F, non-shock.  Strainers shall be manufactured by 
Hayward Industrial Products, or equal. 

 
2.06 QUICK DISCONNECT COUPLINGS 
 

A. Quick disconnect type coupling for compressed/service air shall be provided where indicated 
on the Drawings.  Coupling shall provide for instantaneous shutoff in socket end when lines 
are disconnected.  Couplings shall be constructed of 316 stainless steel with a BUNA-N 
O-ring and integral safety lock.  Couplings shall comply with Military Specification 4109 
(interchangeable with standard plug of the same size). 
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PART 3 -- EXECUTION 
 
3.01 INSTALLATION 
 

A. Except where noted otherwise herein, all valves shall be installing and tested in accordance 
with the latest revision of AWWA C500.  Before installation, all valves shall be lubricated, 
manually opened and closed to check their operation and the interior of the valves shall be 
thoroughly cleaned.  Valves shall be placed in the positions shown on the Drawings.  Joints 
shall be made as directed under the Piping Specifications.  The valves shall be so located 
that they are easily accessible for operating purposes, and shall bear no stresses due to 
loads from the adjacent pipe.  The Design/Builder shall be responsible for coordinating 
connecting piping. 

 
B. All valves shall be tested at the operating pressures at which the particular line will be used. 

Any leakage or "sweating" of joints shall be stopped, and all joints shall be tight.  All motor 
operated and cylinder operated valves shall be tested for control operation as directed by the 
Engineer. 

 
C. Provide valves in quantity, size, and type with all required accessories as shown on the 

Drawings. 
 

D. Install all valves and appurtenances in accordance with manufacturer's instructions.  Install 
suitable corporation stops at all points shown or required where air binding of pipe lines 
might occur.  Install all valves so that operating handwheels or wrenches may be 
conveniently turned from operating floor but without interfering with access, and as approved 
by Engineer..  Unless otherwise approved, install all valves plumb and level.  Valves shall be 
installed free from distortion and strain caused by misaligned piping, equipment or other 
causes. 

 
E. Valve boxes shall be set plumb, and centered with the bodies directly over the valves so that 

traffic loads are not transmitted to the valve.  Earth fill shall be carefully tamped around each 
valve box to a distance of 4 feet on all sides of the box, or to the undisturbed trench face, if 
less than 4 feet. 

 
3.02 SHOP AND FIELD TESTING 
 

A. Shop and field testing of valves shall be as follows: 
 

1. Certified factory testing shall be provided for all components of the valve and 
operator system.  Valves and operators shall be shop tested in accordance with the 
requirements in the latest revision of AWWA C500 Series specifications , including 
performance tests, leakage test, hydrostatic tests, and proof-of-design tests.  The 
manufacturer through the Design/Builder shall submit certified copies of the reports 
covering the test for acceptance. by the Engineer. 

 

2. Shop testing shall be provided for the operators consisting of a complete functional 
check of each unit.  Any deficiencies found in shop testing shall be corrected prior to 
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shipment.  The system supplier through the Design/Builder shall submit written 
certification that shop tests for the electrical/pneumatic system and all controls were 
successfully conducted and that these components provide the functions specified 
and required for proper operation of the valve operator system. 

 

3. The Design/Builder shall conduct field tests to check and adjust system components, 
and to test and adjust operation of the overall system.  Preliminary field tests shall be 
conducted prior to start-up with final field tests conducted during start-up.  The 
factory service representative shall assist the Design/Builder during all field testing 
and prepare a written report describing test methods, and changes made during the 
testing, and summarizing test results.  The service representative shall certify proper 
operation of the valve operator system upon successful completion of the final 
acceptance field testing. 

 

4. Preliminary and final field tests shall be conducted at a time approved by the 
Engineer and Owner.  The Engineer shall witness all field testing. 

 

5. Preliminary field tests shall be conducted prior to start-up and shall include a 
functional check of the entire valve operator system and all system components.  
Preliminary field tests shall demonstrate that the valve operator system performs 
according to specifications and that all equipment, valves, controls, alarms, 
interlocks, etc., function properly.  The preliminary field test report must be approved 
by the Owner prior to conducting final field acceptance tests.  Based on results of 
preliminary field tests, the Design/Builder shall make any adjustments required to 
settings, etc., to achieve the required valve closing time and operation specified.. 

 
6. Final field acceptance tests shall be conducted simultaneously with the start-up and 

field testing of the pumps, air compressors, process air blowers, etc.  Field tests shall 
be conducted for the full range of operating modes and conditions specified and as 
directed by the Engineer.  Each of the valves shall be tested at minimum, maximum, 
and normal head/flow conditions, and under all specified conditions of opening and 
closing.  Performance of pneumatic valves and compressed air system under normal 
operating conditions and during simulated power failures shall be checked. 

 
7. Field testing shall include optimization of opening and closing times of the valves. 

The Design/Builder shall provide the means for accurate measurement of pipeline 
pressures as directed by the Engineer.  Valve opening and closing times shall be 
adjusted based on process requirements to optimize operation of the valves.  Final 
valve opening and closing times as determined by field tests shall be approved by 
the Engineer prior to final acceptance of the system. 

 
 
 

- END OF SECTION - 
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SECTION 15100 
 

VALVE OPERATORS AND ELECTRIC VALVE ACTUATORS 
 
 
 
PART 1 - GENERAL 
 
1.01 THE REQUIREMENT 

 
A. Equipment shall be provided in accordance with the requirements of Section 11000 – 

Equipment General Provisions and Section 15000 – Basic Mechanical Requirements. 
 

B. Reference Section 15390 – Schedules for additional information on valves and 
operators/actuators. 

 
C. The electric valve actuators shall meet the signal requirements described Section 17920 

– Control System Input/Output Schedule, and Section 17950 – Functional Control 
Descriptions. 

 
D. Valve operators and electric valve actuators shall be designed to unseat, open or close, 

and seat the valve under the most adverse operating condition to which the valves will be 
subjected.   

 
E. Operator mounting arrangements shall be as indicated on the Drawings or as directed by 

the manufacturer and/or Engineer.  There shall be no mounting restrictions on the 
electric valve actuator.     

 
F. The valve operators and electric actuators shall be the full and undivided responsibility of 

the valve manufacturer in order to ensure complete coordination of the components and 
to provide unit responsibility. 

 
1.02 SUBMITTALS 
 

A. The following items shall be submitted with the Shop Drawings in accordance with, or in 
addition to the submittal requirements specified in Section 01 33 00, Submittal 
Procedures; and Section 11000, Equipment General Provisions: 

 
1. Certification that the force required to operate all valves is as specified herein. 

 
1.03 WARRANTY AND GUARANTEE 
 

A. All materials furnished shall be guaranteed to be free from defects in design and/or 
materials for a period of one (1) year following Substantial Completion. The period of 
such warranties shall start on the date the Performance Testing as indicated in the 
General Requirements have been completed and Substantial Completion has occurred.  
Any design and/or material (or part thereof) which is defective or showing undue wear 
within the correction period or not meeting performance requirements, shall be corrected, 
repaired or replaced with new material; furnishing all materials, labor, etc., necessary to 
return to the specified performance level without charge to the Owner.  Where defective 
designs and/or materials have been repaired or replaced, the correction period for such 
shall be extended in accordance with the General Conditions.  
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PART 2 -- PRODUCTS 

 
2.01 GENERAL 
 

A. Electric actuators shall be provided where specified in the Valve Schedule in Section 
15390 – Schedules.   

 
B. Manual operators shall be provided on all valves which do not receive electric actuators.  

Manual operator type shall be as specified herein and as shown on the Drawings. 
 
C. Quarter turn valves 8” and greater in size shall have geared operators. Gate valves 14” 

and greater in size shall have geared operators.   
 
D. Operators/actuators shall be furnished with conservatively sized extension bonnets, 

extension stems, or torque tubes, and all required appurtenances required for a complete 
installation.  Operators furnished with extension bonnets shall include stainless steel 
extension stems, or stainless steel torque tubes. 

 
2.02 MANUAL OPERATORS 
 

A. Unless otherwise specified or shown on the Drawings, manual operator type shall be as 
follows: 

 
1. Buried valves shall be equipped with nut operators, extended stems, and valve 

boxes.  Where the depth of the operating nut is more than 4 feet below finish 
grade, a valve operator extension shall be provided to bring the operating nut to 
within 18-24 inches of the surface. 

 
2. Exposed valves up to 6-inch shall be lever operated (except gate valves).   
 
3. Exposed valves 8-inches and larger shall be handwheel operated. 
 
4. Exposed gate valves shall be handwheel operated. 
 
5. Valves with centerline of operator located more than 6-feet above the floor or 

platform from which it is to be operated shall have a chainwheel operator unless 
otherwise indicated on the Drawings.  

 
B. Manual operators shall be rigidly attached to the valve body unless otherwise specified or 

shown on the Drawings.   
 
C. All operators shall turn counter-clockwise to open and shall have the open direction 

clearly and permanently marked.   
 
D. Valve operators shall be designed so that the force required to operate the handwheel, 

lever, or chain (including breakaway torque requirements) does not exceed 80 pounds 
applied at the extremity of handwheel or chainwheel operator.  Design pressures for 
sizing of valve operators shall be the piping test pressure for the piping in which the valve 
is to be installed as shown in the Piping Schedule in Section 15390 – Schedules. 
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E. Handwheels for valves operators shall not be less than 12 inches in diameter.  The 
maximum diameter of any handwheel shall not exceed 24”.  

 
F. Nut operators shall have standard 2-inch square AWWA operating nuts designed in 

accordance with AWWA C504-94. 
 
G. Geared manual operators shall be of the worm gear, traveling nut or scotch yolk type 

except manual operators for butterfly valves 18-inch in diameter or larger which shall be 
worm gear, unless otherwise indicated in the individual valve specification.  Gear 
operators shall be of the worm gear or bevel gear type. Gear box designs incorporating 
end of travel stops in the housing shall be equipped with AWWA input stops.  Each 
gearbox shall require a minimum of 10 turns for 90 degree rotation or full valve stem 
travel and shall be equipped with a mechanical valve position indicator.   

 
H. Manual operators on below grade (and vault installed) valves shall be permanently 

lubricated and watertight under an external water pressure of 10 psi. 
 
I. Provide open-closed limit switches on manual operators where shown or specified in the 

Valve Schedule in Section 15390. Limit switches shall be located in a NEMA 4X  
enclosure specifically designed to mount to the valve operator. 

 

2.03 ELECTRIC VALVE ACTUATORS 
 

A. Electric Actuators shall be open/close service, modulating service or fail safe service as 
specified in the Valve Schedule in Section 15390 – Schedules.   

 
1. Open/Close (non-modulating) valve actuators shall be EIM Series 2000/M2CP as 

manufactured by Emerson.  No like, equivalent or "or equal" item or substitution is 
permitted.  

 
2. Modulating valve actuators shall be EIM Series 2000/M2CP with Futronic 4 as 

manufactured by Emerson.  No like, equivalent or "or equal" item or substitution is 
permitted.  

 
3. Fail-Safe valve actuators shall be EIM RTS Fail-Safe Quarter-Turn Actuator as 

manufactured by Emerson and shall meet the same requirements as modulating 
actuators as specified.   No like, equivalent or "or equal" item or substitution is 
permitted. 

 
B. Performance Requirements 
 

1. The actuators shall be designed for indoor and outdoor service and shall be 
capable of mounting in any position. 

 
2. Torque capacity of the actuators shall be sufficient to operate the valves with the 

maximum pressure differential, as indicated in the Valve Schedule in Section 
15390, with a safety factor of 1.5.  Actuators in modulating service will be 
selected such that the required dynamic valve torque is no more than 60% of the 
electric actuator’s maximum rated breakaway of torque.   
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3. Operating time for full limits of travel shall be not more than 2 seconds per inch 
diameter of the valve, +/- 50 percent through 20 inches; +/- 30 percent for valves 
24 inches and larger.  Operating time shall not be less than 60 seconds for all 
modulating valves. 

 
4. Actuators shall be capable of operating in ambient temperatures ranging from 0 

degrees F – 160 degrees F. 
 
5. For open/close (non-modulating) actuators, the gearing, motor and contactor 

shall be capable of 60 starts per hour without overheating.   
 
6. For modulating actuators, and fail-safe actuators the gearing, motor and 

contactor shall be capable of 1200 starts per hour without overheating.   
 

C. The actuators shall include, in one integral housing, individual compartments for the 
motor, gearing, wiring terminals, and control circuits.  The terminal compartment shall be 
separated from the inner electrical components of the actuator by means of a watertight 
seal.  The inner seal shall protect the motor and all other internal electrical elements of 
the actuator from entrance of moisture and dust when the terminal cover is removed.  
Double cartridge shaft seals shall be provided on the hand wheel and output shafts for 
weatherproof protection. All external fasteners shall be stainless steel. Compartments 
shall be provided with moisture and dust-proof rigid cast covers meeting NEMA 6, 
certified to submergence in 6 ft of water for 30 minutes. Actuators located in classified 
areas shall be suitable for use in Class 1, Division 1, Group D environments.  

 
D. The actuators shall be provided with externally operable and lockable 480VAC circuit 

breakers integral to the control housing.   
 
E. All gearing shall be hardened alloy steel or bronze and shall be rated at twice the output 

torque of the operator and shall be designed to withstand the stall torque of the motor 
without failure. Output drive gearing shall consist of a worm shaft and worm gear pinion 
operating in an oil bath.  The worm gear pinion shall be alloy bronze.  Worm gear drive 
shall be self-locking to prevent creeping of the valve disc in an intermediate position.  
Heavy-duty grease shall protect gearing and sealed ball bearings of the main shaft for 
five years without changing.  Motor reduction gearing shall be spur or planetary gearing 
and shall allow for field repair and change in gear ratio.  For quarter turn applications, 
overtravel of the operator shall be prevented by internal mechanical stops cast into the 
actuator.   

 
F. A mechanical dial position indicator shall be furnished to continuously indicate the 

position of the valve at and between the fully open and fully closed positions.  The 
indicator shall be driven by gearing driven off of the main worm gear pinion and shall 
operate when the actuator is in either the electrical mode or manual mode.  

 
G. A handwheel shall be permanently attached for manual operation. A gear assembly shall 

be provided between the handwheel and the worm shaft if required to reduce the force 
necessary to operate the handwheel to less than 40 pounds.  A positive declutch 
mechanism shall engage the handwheel when required.  When the actuator is set in the 
declutched position for handwheel operation, it shall return automatically to electric 
operation when actuator motor is energized.  The handwheel shall not rotate during 
electric operation nor shall a fused motor prevent handwheel operation.   
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H. The drive motor shall be specifically designed for actuator service and shall be 
characterized by high starting torque and low inertia.    Motors shall be 460 volts, three 
phase, 60 Hz AC reversible squirrel cage induction type motors and shall be specifically 
designed for modulating service where indicated on the Valve Schedule in Section 
15390. Motors shall be totally enclosed, non-ventilated, with NEMA Class F insulation 
minimum (Class H for modulating actuators) and a maximum continuous temperature 
rating of 120 degree C (rise plus ambient).  A 120 VAC space heater shall be provided in 
the motor compartment.  The electric motor shall have a time rating of at least 15 
minutes at 104°F (40°C) or twice the valve stroking time, whichever is longer, at an 
average load of at least 33% of maximum valve torque.  Motor bearings shall be 
permanently lubricated by premium lubricant.  The motor shall have plug and socket 
electrical connection to facilitate easy removal and replacement.  The actuator shall 
include a device to ensure that the motor runs with the correct rotation for the required 
direction of valve travel with either phase sequence of the three-phase power supply 
connected to the actuator.  The motor shall include single phase protection.  A suitable 
thermal protection device shall be incorporated in the motor or motor starter circuits, 
connected to a tripping device.  Fast acting fuses shall be provided to protect solid state 
components. The motor shall be capable of starting against the rated load in either the 
open or close direction when voltage to the motor terminals is plus or minus ten (10) 
percent of nameplate rating. 

 
1. Open/Close actuators shall be furnished with electro-mechanical reversing 

starters.  
 
2. Modulating actuators shall be furnished with solid state reversing starters utilizing 

thyristors.      
 

I. Leads from the motor shall be brought to the control circuit (limit switch) compartment 
without external piping or conduit box.  An adequately sized space heater shall be 
installed in the control circuit compartment to aid in the prevention of damage resulting in 
from condensation.  The following items shall be located in the control circuit 
compartment. 

 
1. Torque limit switches shall be provided to de-energize the motor control circuit in 

the event of a stall when attempting to unseat a jammed valve and when torque is 
exceeded during valve travel.  Each actuator shall have an open direction torque 
switch and a close direction torque switch.  The torque switches shall be 
mechanically operated and able to be set in torque units. Torque switches shall 
be calibrated prior to the actuator’s assembly to the valve.  

 
2. Travel limit switches shall be provided to de-energize the motor control circuit 

when the actuator reaches the limits of travel in the open and close directions.    
The limit switch drive shall be of the counter gear type and “in step’” with the 
actuator output drive at all times in either the electrical or manual mode of 
operation.  A minimum of six (6) contacts, three (3) normally open and three (3) 
normally closed, shall be supplied at each end of valve travel. Four (4) additional 
contacts shall be provided to report end of travel or any desired position between 
ends of travel. 

 
J. Modulating actuators shall have a position feedback potentiometer mounted directly to 

the valve actuator gearing inside the gearing compartment.  The potentiometer shall 
provide a 4-20 mA signal corresponding to valve position.  Modulating valve actuators 
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shall be designed to respond to either a 4-20mADC analog signal or a digital pulse signal 
as specified herein or as required to coordinate with the requirements of Division 17. 
 
1. Modulating valve actuators designed to respond to a 4-20mADC signal shall be 

provided with a valve positioner which shall position the valve proportional to an 
externally generated 4-20mADC signal.  The valve positioning control circuitry 
shall position the valve by comparing the command signal with the present valve 
position as indicated by the feedback potentiometer.  The positioner shall be field 
adjustable to fail to the “open,” “closed,” or “last” position on loss of 4-20 mADC 
command signal. 

 
 
K. Actuators shall contain wiring and terminals for the following control functions.  All dry 

contacts shall be rated for 5A at 250VAC.  
 
1. Open and Close commands from external dry contacts (utilizing internal 120, 18, 

and 12 VAC power supply) and/or from an external signal of 12V to 120V.  The 
inputs for the open, close, stop signals shall be field selectable to be respond to 
either maintained or momentary remote signals.  In momentary mode, the 
actuator shall have internal latching circuitry that causes the operator to drive the 
valve to its limit of travel upon receipt of the momentary contact signal unless a 
stop signal is received. 

 
2. Remote Hand-Off-Auto selector switch, Open/Close pushbuttons, and 

Open/Closed pilot lights for a remote manual control station (see below).  The 
remote Hand-Off-Auto selector switch and Open/Close pushbuttons shall be a dry 
contact input to the actuator control circuitry.  The Open/Closed pilot lights shall 
be powered from the valve actuator control power. 

 
3. Four (4) unpowered contacts shall be provided which can be selected to indicate 

valve “Opened” and “Closed” position, “Remote” status of the actuator. 
 

4. Terminals for 4-20mADC position command and 4-20mADC position feedback as 
described above for modulating actuators. 

 
L. Local Controls 

 
1. Actuators shall be furnished with a Hand-Off-Auto selector switch; Open, Close, 

and Stop pushbuttons for local control; a red lamp indicating closed and a green 
lamp indicating open.  H-O-A switch shall be padlockable in any of the three 
positions. 
 
a. When the HOA is in the “Hand” position, open/close control shall be by 

the open and close pushbuttons on the actuator.  The stop push button 
shall stop the actuator travel. 

 
b. When the HOA is in the “Off” position, the actuator shall not operate. 
 
c. When the HOA is in the “Auto” position, the actuator shall be controlled by 

remote inputs from the DCS  
 



 
Sustainable Water Phase 3 –  Valves Operators and Electric Valve Actuators – REV 0  
Demonstration Facility 15100-7 IFC June 2017 

2. The local controls shall be arranged so that the direction of travel can be reversed 
without the necessity of stopping the actuator. 

 
 
2.04 ELECTRIC OPERATORS FOR PVC/CPVC VALVES 
 

A. Automatic electric operators shall be provided for PVC/CPVC valves where specified 
and/or as shown on the Drawings.  Operators shall operate on 115/230 VAC power.  
Motors shall be protected with thermal overload sensors embedded in the windings.  
Operator enclosures shall be NEMA 4X.  Operators shall be provided with internally 
wired, thermostatically controlled enclosure heaters to prevent condensation. Operators 
shall be provided with positive visual position indication markings permanently affixed to 
the operator body and final output shaft. Operator drive output shall be provided with a 
declutchable manual override.  A manual handwheel shall be provided for manual valve 
positioning.   

 
B. Motor speed reduction shall be by means of a gear train consisting of hardened steel 

spur gears and self-locking worm and worm gear sets.  The worm shall be heat-treated 
alloy steel and have worm thread surface rolled or ground.  The worm gear shall be 
bronze.  Non-metallic or aluminum gears in the power train are not acceptable. The use 
of motor brakes to lock valve movement, shall not be allowed on valves requiring more 
than 500 inch pounds of torque.  

 
C. Provide (6) SPDT limit switches and (2) SPDT torque switches, which are rated for 10 

Amps at 250 VAC as a minimum. 
 
D.  Local Controls 

 
1. Actuators shall be furnished with a Hand-Off-Auto selector switch; Open, Close, 

and Stop pushbuttons for local control; a red lamp indicating closed and a green 
lamp indicating open.  H-O-A switch shall be padlockable in any of the three 
positions. 
 
a. When the HOA is in the “Hand” position, open/close control shall be by 

the open and close pushbuttons on the actuator.  The stop push button 
shall stop the actuator travel. 

 
b. When the HOA is in the “Off” position, the actuator shall not operate. 
 
c. When the HOA is in the “Auto” position, the actuator shall be controlled by 

remote inputs from the DCS  
 

2. The local controls shall be arranged so that the direction of travel can be reversed 
without the necessity of stopping the actuator. 

 
E. Valve actuators for PVC/CPVC valves shall be Model HQ by EIM as manufactured by 

Emerson.  No like, equivalent or "or equal" item or substitution is permitted. 
 
 
2.06 SPARE PARTS 
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A. Spare parts shall be provided in accordance with Section 11000, Equipment General 
Provisions and shall include the following:  
1. Two fuses of each size 
2. One set of all recommended special tools: 

 
 

PART 3 -- EXECUTION 
 
3.01 MANUFACTURER’S FIELD SERVICES 
 

A. The services of a qualified manufacturer's technical representative shall be provided in 
accordance with Section 11000, Equipment General Provisions and shall include the 
following site visits for electric actuators: 
 

Service Number of Trips Number of Days/Trip 

Installation and Testing 1 1 

Startup and Training 1 1 

Services after Startup 1 1 

 
3.02 INSTALLATION 
 

A. All valve actuators shall be installed in accordance with the manufacturer's published 
recommendations and the applicable specification sections for valves, and motor 
controls. 

 
B. Valve actuators shall be factory coated in accordance with the manufacturer’s standard 

paint system. 
 
3.03 SHOP TESTING 
 

A. Shop testing shall be in accordance with Section 11000, Equipment General Provisions 
and with the following additional requirements: 

 
1. Conduct a complete functional check of each unit.  Correct any deficiencies found 

in shop testing prior to shipment. 
 
2. Submit written certification that: 

 
a. Shop tests for the electrical system and all controls were successfully 

conducted; 
 
b. Electrical system and all controls provide the functions specified and 

required for proper operation of the valve operator system. 
 

3. Each actuator shall be performance tested and individual test certificates shall be 
supplied free of charge. The test equipment shall simulate each typical valve load 
and the following parameters should be recorded: 

 
a. Current at maximum torque setting 
 
b. Torque at maximum torque setting 
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c. Flash Test Voltage 
 
d. Actuator Output Speed or Operating Time 
 
e. In addition, the test certificate should record details of specification, such 

as gear ratios for both manual and automatic drive, closing direction, and 
wiring diagram code number. 

 
f. Verification of actuator torque rating with valve.   

 
3.04 FIELD TESTS 
 

A. Field testing shall be in accordance with Section 11000, Equipment General Provisions 
and with the following additional requirements: 

 
1. Valve actuators shall be field-tested together with the associated valves. 
 
2. Test all valves at the operating pressures at which the particular line will be used. 
 
3. Test all valves for control operation as directed. 
 
4. Field testing shall include optimization of opening and closing times of the valves. 

Valve opening and closing times shall be adjusted based on process 
requirements to optimize operation of the valves.  Final valve opening and closing 
times as determined by field tests shall be approved by the Engineer prior to final 
acceptance of the system. 

 
B. Preliminary Field Tests 

 
1. General:  Preliminary field tests shall be conducted prior to start-up and shall 

include a functional check of the entire valve operator system and all system 
components. 

 
2. Scope:  Preliminary field tests shall demonstrate that the valve operator system 

performs according to specifications and that all equipment, valves, controls, 
alarms, interlocks, etc., function properly. 

 
3. Based on results of preliminary field tests, the Design/Builder shall make any 

adjustments required to settings, etc., to achieve the required valve closing time 
and operation, as specified or otherwise directed. 

 
C. Final Field Tests 

 
1. Final field tests shall be conducted in accordance with the latest revision of 

AWWA C500. 
 
2. Final field tests shall be conducted simultaneously with the start-up and field 

testing of the pumps. 
 
3. Final field tests shall be conducted for the full range of operating modes and 

conditions specified and as directed by the Engineer.  Each of the valves shall be 
tested at minimum, maximum, and normal head/flow conditions, and under all 
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specified conditions of opening and closing.   
 
4. Certification of Equipment Compliance: After the final field tests are completed 

and passed, submit affidavit according to Section 11000. 
 
 
 

- END OF SECTION - 
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SECTION 15101 
 

BUTTERFLY VALVES 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. Design/Builder shall provide all labor, materials, equipment, and incidentals as shown, 
specified, and required to furnish and install butterfly valves. 

 
B. Valves are shown on the Drawings.  Section 15390 – Schedules, specifies service, 

diameter, and pressure rating. Valve installation is specified in Section 15000 - Basic 
Mechanical Requirements.  

 
C. All exposed exterior, buried, or valves installed in vaults shall be AWWA style valves.  
 

 
PART 2 -- PRODUCTS 
 
2.01 AWWA BUTTERFLY VALVES  
 

A. Butterfly valves (water service) shall be of the rubber-seated, tight-closing type conforming to 
the latest revision of AWWA C504 Specifications.  The manufacturer shall have a minimum 
of 5 years experience in manufacturing butterfly valves of the sizes required in accordance 
with AWWA C504 Specifications.  All butterfly valves shall be the product of one 
manufacturer.  Butterfly valves shall be as manufactured by Pratt, Mueller Co., DeZurik, 
Valmatic, or equal.  Each valve shall be performance and leak tested as specified in AWWA 
C504. 

 
B. Butterfly valves shall be Class 150B, unless otherwise indicated, and shall have mechanical 

joint (buried service) or flanged ends, as shown on the Drawings. 
   

C. Valve bodies shall be cast iron, or ductile iron.  Valve bodies shall have integral hubs for 
housing shaft bearings and seals. 

 
D. Butterfly valves shall be of the concentric or eccentric shaft types.  Valve discs shall be 

constructed of ductile iron.   Disks shall be of the "offset" design to provide a full 360 degree 
seating surface with no external ribs transverse to flow, and shall comply with the latest 
revision of AWWA C504 Specifications.   

 
E. The resilient valve seat shall be synthetic rubber designed to seat against a pressure 

differential of 150 psi on either side of the valve.  The resilient seat shall be mechanically 
attached to the valve body or disc.  The resilient seat shall be capable of being adjusted or 
replaced in the field without moving the valve disc along the shaft axis, or removing the valve 
from the line.  The mating seat surface shall be stainless steel or monel. The seats shall be 
factory tested as per AWWA C504  

 
F. Valve shafts shall be one-piece or two-piece units of stainless steel construction suitably 

sized to transmit the torques required to operate the valves under the conditions listed in the 
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valve schedule with appropriate safety factor.  Shafts shall be securely attached to valve disc 
by means of conservatively sized corrosion-resistant taper pins, threaded at one end and 
secured with lockwashers and nuts (i.e.:  mechanically attached).  Provide O-ring seal on 
taper pin if required to prevent leakage.  Shaft key shall be constructed of corrosion-resistant 
material. 

 
G. Shaft bearings shall be contained in the integral hubs of the valve body and shall be the 

permanently self-lubricated, corrosion resistant, sleeve type of teflon or heavy-duty bronze. 
The valve assembly shall be furnished with a factory set two-way thrust bearing designed to 
center the valve disc in the valve seat at all times.  End cover bolts shall be of stainless steel 
construction. 

 
H. The shaft seal shall be either the bronze cartridge type with at least two O-rings, monolithic 

V-Type, or pull down packing type.  If monolithic V-Type or pull down packings are utilized, it 
shall be self-adjusting, self-compensating type.  Packing shall be as manufactured by 
Chevron, or equal.  Butterfly valves with pull down packings shall be designed with an 
extension bonnet so that repacking can be done without removal of the actuator.  For buried 
valves with pull down packing the packing gland cover assembly shall be heavy duty, soil 
and water resistant.  Stuffing boxes for pull down packing shall have a depth sufficient to 
accept at least four rings of self-compensating type packing specifically selected for the 
operating pressures to be encountered.  Stuffing box bolts, studs and nuts shall be stainless 
steel. 

 
I. The "O" ring type shaft seal shall be contained in a removable bronze cartridge.    The "O" 

ring material shall be nitrile, BUNA-N rubber, as intended for use with potable water or 
wastewater and per ASTM D-2000 with a hardness of 70 Shore A Durometer. 

 
J. Provide Manual operators in accordance with AWWA C504 and Section 15100. . Buried 

valves shall be furnished with a standard 2 IN wrench nut or floorstand where indicated on 
the Drawings and shall open left (counter-clockwise). Exposed valves 8-inches in diameter 
and larger shall be handwheel operated. Valves 6-inches in diameter and smaller shall have 
lever operators, unless otherwise specified or noted on the Drawings.   

 
K. Each valve shall by hydrostatically tested and tested for bubble tightness after the operator 

has been mounted and adjusted.  Copies of the hydrostatic and leakage test certification 
and shall be submitted to the Engineer prior to shipment. 

 
L. All internal and external ferrous components and surfaces of the valves, with the exception 

of stainless steel and finished or bearing surfaces, shall be shop painted in accordance with 
AWWA C550 

 
2.02     BUTTERFLY VALVES (Resilient Seat Lug Body) 
 

A. Resilient seat butterfly valves shall be as manufactured by Pratt, Mueller Co., DeZurik, 
Valmatic, or equal. Valves shall be rated for a maximum differential pressure of 175 psi and 
shall provide bi directional bubble tight shutoff.  

 
B. Valves shall have lug style body and be compatible with ASME B16.1 flanges. The 

Design/Builder shall coordinate flange connections upstream and downstream of the wafer 
valves. All materials shall be lead free and suitable for potable water Valves shall have 
ductile iron bodies and disks, with 316 stainless steel shafts. Seats and O rings shall be 
EPDM.  Provide manual operators in accordance with Section 15100. Where specified 
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and/or as shown provide electric motor actuators in accordance with Section 15100. All 
internal and external ferrous components and surfaces of the valves, with the exception of 
stainless steel and finished or bearing surfaces, shall be shop painted in accordance with 
AWWA C550.  
 

2.02       BUTTERFLY VALVES (PROCESS AIR) 
 

B. Isolation valves and throttling valves for low pressure (less than 15 psig) air service shall be 
high performance, resilient-seated butterfly valves as manufactured by Centerline (Crane), 
Bray or engineer approved equal. Valves less than 30-inches shall have a wafer or lug style 
body and be compatible with ASME B16.1 flanges. The Design/Builder shall coordinate 
flange connections upstream and downstream of the wafer valves. Valves shall have ductile 
iron bodies, with 316 stainless steel discs and shafts. Viton seats suitable for high 
temperature operation shall be provided. All valve components shall be suitable for 
continuous operation at temperatures up to 300°F with a 25 psig minimum working pressure. 
 
Provide manual operators in accordance with Section 15100. Where specified and/or as 
shown on the drawings, the Design/Builder shall provide electric motor actuators meeting 
the requirements of Specification Section 15100.  

 
PART 3 – EXECUTION (NOT USED)  
 
 

- END OF SECTION - 
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SECTION 15105 
 

CHECK VALVES 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. Reference Section 15000, Basic Mechanical Requirements. 
 

 
PART 2 -- PRODUCTS 
 
2.01 CHECK VALVES (WATER SERVICE) 
 

A. Check valves 2-inches and less shall be bronze, Y-pattern, swing check valves of the 
regrinding type.  Valves shall have a minimum 200 psi non-shock cold water pressure rating 
and shall be as manufactured by Jenkins Bros. Corp., Crane Company, or equal. 

 
B. Check valves larger than 2-inches shall be swing check valves conforming to the 

requirements of AWWA C508 as manufactured by G.A. Industries, APCO, Crispin, or equal. 
Valves smaller than 12-inches shall be rated at 175 psi working pressure. Valves 12-inch 
and larger shall be rated at 150 psi working pressure.   

 
1. Valve closure shall be controlled by an external weighted lever arm. Valves 6-inches 

and larger shall have hydraulic oil or pneumatic cushion cylinder.  Counterweights 
and cushion cylinders shall be designed so that adjustments can be made in the field 
to minimize surge and to prevent backflow and hammering noises during actual 
service conditions.  The hydraulic oil or pneumatic cushion system shall be 
completely self-contained. 

 
2. All wetted materials shall conform to NSF-372, certified lead free. Valve bodies, 

cover, discs, levers, and disc arms shall be constructed of cast iron, or ductile iron 
Shaft, bushings, body seat internal and external bolting and other hardware shall be 
316 stainless steel. Elastomers shall be Buna-N.  

 
3. Valve seating shall be rubber-to-metal designed for drop-tight shutoff.  Body and disc 

seats shall be renewable. 
 
C. Test valves in the manufacturers shop in accordance with AWWA C508. Allowable leakage 

is zero. 
 
D. Valve shall be coated in accordance with AWWA C508. Exterior surfaces shall be painted in 

accordance with the requirements of Section 09900, Painting. 
 

- END OF SECTION - 
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SECTION 15107 
 

FIRE, WALL AND YARD HYDRANTS 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. Reference Section 15000, Basic Mechanical Requirements. 
 
 
PART 2 -- PRODUCTS 
 
2.01 FIRE HYDRANTS 
 

A. All fire hydrants shall be hub end, triple nozzle, approved AWWA type with two (2) 2-1/2-inch 
hose nozzles and one (1) 4-1/2-inch steamer nozzle with American National Standard hose 
threads and have an 8-inch bottom mechanical connection. 

 
B. Hydrants shall have a 5-1/4-inch valve opening and shall be built in accordance with AWWA 

C502.  Hydrants shall open left and have a National Standard Pentagon type operating nut 
(1-1/2-inch point to flat).  Hydrants shall have a safety flange and a safety coupling on the 
valve stem.  All hydrants shall be the Mueller Super Centurion 250, or American-Darling 
#B-62-B with 4'-0" bury depth. 

 
 
2.02 WALL HYDRANTS 
 

A. Wall hydrants shall be of the non-freeze type, cast-bronze construction with wrought 
stainless steel self-opening, vandal-proof locking cover box, 3/4-inch N.P.T. outlet, integral 
vacuum breaker backflow preventer, pressure relief valve, bronze casing, bronze operating 
parts convertible into service tool, "T" handle key.  3/4-inch female and 1-inch male N.P.T. 
inlet connection.  The wall hydrant shall be Models 71300 as manufactured by Josam, 
Z-1305 as manufactured by Zurn, 5509 as manufactured by Smith Company, or equal. 

 
2.03 YARD HYDRANTS 
 

A. Service water system hydrants shall be of the 2-inch non-freeze post-yard type with bronze 
casing, neoprene plunger.  The barrel shall be self-draining; operating parts must be 
removable through the top of the hydrant. 

 
B. The cold-rolled steel stem shall operate with a bronze operating nut.  Stem threads shall be 

lubricated through the top of the operating nut tapped for grease fittings.  Packing shall be 
double "O" rings to insure a positive shutoff with a minimum of packing friction when the 
hydrant is being operated.  Each hydrant shall be equipped with suitable adapters to connect 
2-inch and 3/4-inch hoses. 

 
C. Each hydrant shall be supplied with 10-inch operating hand wheel and a steel post-mounted 

hose rack. 
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The hydrants shall be Models 71702 as manufactured by Josam, Z-1390 as manufactured 
by Zurn, 5914 by Smith Company, or equal. 

 
 
PART 3 – EXECUTION (NOT USED) 
 
 

- END OF SECTION - 
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SECTION 15109 
 

PLUG VALVES 
 
 
 

PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall provide all labor, materials, equipment, and incidentals as shown, 
specified, and required to furnish and install plug valves. 

 
B. Valves are shown on the Drawings.  Valve installation is specified in Section15000 - Basic 

Mechanical Requirements.  
 
 
PART 2 -- PRODUCTS 
 
2.01 PLUG VALVES 

A. Acceptable Manufacturers: 
 

1. Dezurik 
 

2. Milliken Valve Company, Inc. 
 

3. Val-Matic Valve & Manufacturing Corp.  
 

B. Design Requirements: 
 

1. Valves shall be designed for a working pressure of not less than 150 psi.  Valve 
actuator shall be sized based upon the working pressure. 
 

2. Valves shall be given bidirectional leakage test and low-pressure 5 psi seat test in 
accordance with the procedures outlined in AWWA C517.  Certified copies of the 
Proof-of-Design test reports documenting that all requirements of AWWA C517 were 
successfully met shall be submitted prior to installation 
. 

3. Valves shall operate in a horizontal position. 
a. Horizontal position refers to the alignment of the rotating shaft on which the plug 

is affixed. 
 

4. For exposed service applications, plug valve shaft seals shall be externally adjustable 
and repackable without removing the actuator or bonnet from the valve under pressure. 
 The actuator mounting bracket shall allow access to the packing gland and provide an 
air gap to visually inspect the packing. 
 

5. For buried service applications, plug valve shaft seals shall be fully enclosed and 
protected from the surrounding groundwater and soil via full circumferential metal to 
metal contact between the bonnet and the actuator body or by other means as 
approved by the Owner. 
 

6. Packing shall be multiple v-type or “U” cup type. 
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7. Washers at the top and bottom of the plug journal shall be provided to keep grit and 

debris out of the bearings and packing. 
 

8. Plug valves in the horizontal position shall be installed so that the plug rotates 
upward as the valve opens. 
 

9. Buried valves shall be furnished with a standard 2 IN wrench nut or floorstand 
where indicated on the Drawings and shall open left (counter-clockwise). Exposed 
valves 8-inches in diameter and larger shall be handwheel operated. Valves 6-
inches in diameter and smaller shall have lever operators, unless otherwise 
specified or noted on the Drawings.  Manual operators for plug valves mounted 
above 6 feet from the operating floor shall be equipped with chainwheel actuators. 
 

10. Buried valve ends shall be mechanical joint, exposed valve ends shall be flanged 
unless otherwise specified. 
 

11. Port area shall be standard port but not less than 80% of the pipe area.  
 

C. Materials:  Furnish materials in full compliance with the following requirements: 
 

1. Valves shall conform to AWWA C517 requirements and shall have an interior and 
exterior epoxy coating. 
 

2. Valve body and plugs shall be ASTM A126 Class B cast iron. 
 

3. Plugs shall be solid one piece with a cylindrical seating surface eccentrically offset from 
the center of the shaft.  Plug facing shall be Buna-N with a minimum hardness (Shore 
A) of 70 durometer. 
 

4. Seats shall be welded in overlay minimum 1/8 IN thick nickel raised surface of not less 
than 95% pure nickel.  Bearings shall be sintered, permanently lubricated 316 stainless 
steel. 
 

5. All exposed nuts, bolts, springs and washers shall be 316 stainless steel. 
 

 
 

- END OF SECTION - 
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SECTION 15112 
 

DOWNHOLE CONTROL VALVE 
 
 
 
PART 1 -- GENERAL 
 

1.01 THE REQUIREMENT 

 
A. Reference Section 15000, Basic Mechanical Requirements. 

1.02 SUBMITTALS 

A. Shop drawings and Operation and Maintenance Manuals shall be submitted in 
accordance with Section 01 33 00 – Submittal Procedures and Section 01 78 23 – 
Operations and Maintenance Data 

B.  Submit the following items with the shop drawings: 

1. Manufacturer’s literature, data sheets, fabrication information, installation 
instructions, assembly views. 

2. Materials of construction and associated specifications (such as AISI, ASTM, SAE, 
etc.), including grade and type. 

3. Information on valve body, seals, sleeves, hydraulic fittings, etc.  

4. Certified installation drawings showing all details of construction, dimensions, and 
connection requirements. 

5. The weight of each component, and total static and dynamic loads imparted by the 
equipment to the supporting pump column. 

6. Spare parts list and manufacturer recommended spare parts. 

1.03 WARRANTY AND GUARANTEE  

A. All materials furnished shall be guaranteed to be free from defects in design and/or 
materials for a period of one (1) year following Substantial Completion. The period of 
such warranties shall start on the date the Performance Testing as indicated in the 
General Requirements have been completed and Substantial Completion has occurred.  
Any design and/or material (or part thereof) which is defective or showing undue wear 
within the correction period or not meeting performance requirements, shall be corrected, 
repaired or replaced with new material; furnishing all materials, labor, etc., necessary to 
return to the specified performance level without charge to the Owner.  Where defective 
designs and/or materials have been repaired or replaced, the correction period for such 
shall be extended in accordance with the General Conditions. 
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PART 2 -- PRODUCTS 
 
2.01 DOWNHOLE VALVES (WATER SERVICE) 
 

A. Provide a 6”, hydraulically actuated, Type 304 Stainless Steel, down-hole flow control 
valve. The valve shall be capable of controlling an injection flow rate from zero up to 700 
gpm, and shall be sized with the appropriate number of slotted ports to provide linear 
throttling capacity over the entire injection flow range while minimizing head loss during 
recovery pumping. 

B. The valve shall be capable of operating in the column string of a vertical turbine pump 
and shall be capable of passing 1,400 gpm during the pumping cycle. The valve internal 
diameter shall allow for the passage of the pump shaft through the internal bore of the 
valve.  

C. In order to fit inside of the 12” casing diameter, the valve OD shall not exceed 8.5”. 

D. Unless commanded (via local or remote input) to change valve position, the set point of 
the valve shall not be affected by changes in well head pressure, flow rates, velocities or 
dynamic water levels in the well. The valve shall remain locked in a set position when not 
being command driven to an open or closed position set point change. The valve shall be 
capable of local, manual control or remote operation. 

E. The valve shall be operated by a Hydraulic Power Unit (HPU) with an electric driven, 
120VAC hydraulic pump, hydraulic reservoir, adjustable pressure relief valve and 
pressure system components as manufactured by Continental Hydraulics. The HPU shall 
drive the valve open and closed or to any set point in between full open and full closed. 
The HPU shall provide local and remote indication of the following: valve position, full 
open and full closed, HPU pump running, valve driving open, valve driving closed, HOA 
in auto position.  

F. The HPU shall be furnished in a Nema-3R stainless steel enclosure, with temperature 
activated fan ventilation. The enclosure shall be sized to allow access to all internal 
components of the HPU. The pump shall be easily removed from the enclosure for any 
required maintenance. The enclosure shall utilize a front mounted lockable access door. 
The HPU shall be furnished with internal controls, mounted on an inner door, including 
Hand/Off/Auto selector switch, Pump Start and Pump Stop push buttons, and Valve 
Open/Valve Closed push buttons. 

G. Provide indication lights for HPU Power On, HPU Pump Running, Valve Driving Open, V- 
Valve Driving Closed, Valve Position Open and Valve Position Closed. Independently 
adjustable needle valves shall be furnished to provide hydraulic speed control for the 
valve in both the open and closed direction of travel. 1,500 psi, stainless steel, oil-filled 
pressure gages shall be mounted inside the inner door to show pump output pressure 
and output pressure on both hydraulic hoses leading to the V-Smart valve.  

H. The HPU shall be provided with 10 gallons of food grade mineral oil shipped in a 
separate container for filling the reservoir at the job site. The HPU shall include pilot 
operated check valves to hydraulically lock the V-Smart valve into a stop position. The 
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HPU shall drive the V-Smart valve open and closed with a dual-coil, 3-position, 4-way, 
pilot operated solenoid valve with spring centered neutral position when the coils are de-
energized 

I. Provide hydraulic hoses from the HPU to the valve which shall be installed directly above 
the pump bowl assembly.  The hoses shall be provided with locking stainless steel quick 
disconnect fittings at the valve and HPU hose ends, to facilitate leak-free installation or 
removal of the hoses. Hoses shall be Dyna Flex 711A-04 Thermoplastic Twin Line SAE 
100R7 or equivalent Hydraulic Hose. Hoses must be capped and spool mounted for 
shipment to the jobsite. Hoses shall be rated for a maximum operating pressure of 3,000 
PSI, minimum burst pressure of 12,000 psi. The installer shall secure the hoses to each 
section of joint pipe, using 316 SS banding or Polyethylene Strap. When using SS 
banding the Design/Builder shall wrap the hoses with a 1/4” rubber pad to prevent hose 
damage. Hydraulic hoses shall maintain a positive slope from the V-Smart valve up to 
the HPU. 

J. The valve shall be furnished threads compatible with the vertical turbine well pump 
column sections. The supplier shall coordinate the requirements for installation of the 
valve with the pump supplier and shall provide any additional pump column spool 
sections required for the installation. 

K. The downhole control valve shall be a Model V-Smart, as manufactured by Cactus 
Controls, Inc., Las Vegas, NV. Phone: 702-525-0250. 

 
PART 3 – EXECUTION 

 
3.01 INSTALLATION 

A. Installation shall be performed in accordance with the requirements of Section11000 – 
Equipment General Provisions and Section 11100 – Pumps-General 

B. Design/Builder shall submit equipment start-up certification in accordance with Section 
11000. 

C. Storage and Handling:  

Protect machined surfaces and mating connections. 
 
Machined surfaces of all exposed pump openings or other exposed unpainted surfaces 
shall be protected by wooden blanks as appropriate, strongly built and securely bolted 
thereto. 

D. Crate in a manner which shall prevent damage during shipment, delivery, and storage. 

E. Design/Builder shall have unit responsibility for the proper coordination, sizing, and 
installation of the valve based on the manufacturer’s recommendations, subject to 
Engineer’s review and comment. 

F. Manufacturer’s technical representative shall perform or supervise the installation of the 
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valve. 

G. After installation and until substantial completion, the valve shall be exercised weekly. 

H. For materials delivered and stored prior to installation, Design/Builder shall provide 
written documentation of recommendations from the valve manufacturer.  Design/Builder 
shall ensure all recommendations are followed during storage period. 

 
3.02 OPERATIONAL TESTS 

A. Valve Tests:  Each valve shall be tested in the factory in accordance with Section 11000 

B. Field Tests:  Design/Builder shall perform field tests on the completed valve installation in 
accordance with Section 11000 and Section 11100. C.  

 
3.03 MANUFACTURER’S FIELD SERVICES 

A. The services of a qualified manufacturer’s technical representative shall be provided in 
accordance with Section Section11000 – Equipment General Provisions.    

 
- END OF SECTION - 
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SECTION 15114 
 

MISCELLANEOUS VALVES 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. Reference Section 15000, Basic Mechanical Requirements. 
 

B. Valves intended for chemical service shall be constructed of materials suitable for the 
intended service. 

 
 
PART 2 -- PRODUCTS 
 
2.01  PRESSURE SUSTAINING VALVES  
 

A.  General:  
 

1. Valve shall maintain a minimum setpoint upstream pressure regardless of variations 
in flow demand and variations in downstream pressure. Valve shall open on an 
increase in upstream pressure and close on decrease in upstream pressure to 
maintain the required setpoint upstream pressure. Valves shall have a rated working 
pressure of 250psi.  

 
2. Pressure sustaining valve shall be a pilot controlled, hydraulically operated, 

differential piston actuated valve. The control valve shall incorporate a system of pilot 
controls, factory assembled to and tested with the main valve. The valve shall be 
hydraulically operated by the line pressure and utilize the pilot system to open, close, 
or throttle the differential piston main valve. The valve shall be Model 6700-DR as 
manufactured by GA industries, Model 50RWR by Ross Valve Mfg Co. or equal 

 
3. Setpoint downstream pressure shall be field adjustable from near zero to 110%.  
 
4. Valves shall not suffer cavitation damage within a five year period from the date of 

Substantial Completion when exposed to the specified operating ranges.  
 

 
B.  Sizing Criteria:  
 

Location Valve  

Size 

(IN) 

Max 

Flow 

(GPM) 

Min 

Flow 

(GPM) 

Max Upstream 

Press 

(PSI) 

Max 

Downstream 

Press (PSI) 

Upstream 

Pressure 

Setpoint 

(PSI) 

GAC FTW 8 700 350 75 0 10 - 15 

FW 8 700 350 75 30 10 - 15 

 
 
 

3
2

4
1

4
-0

0
0
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C. Valve Construction:  
 
 1. Type: Pilot operated globe valve as shown 
  

2.  Valve shall include a one piece piston and full stroke length liner. Seating shall  
 include replaceable resilient seat ring mounted on the underside of the piston and 

metal seat integral with liner of attached to the valve body.  
 

 3. Provide V-ports for pressure control at low flows. 
 
 4. Flow area shall be 100% of pipe area and provide drip tight shut off. 
  
 5. Valve shall have indicator rod attached to the piston for visual position indication. 
 
 6.  Pilot control piping shall include needle valve for field adjustment of closing speed, 

pilot valve to adjust upstream pressure setpoint, wye strainer with blowoff 
connection, and isolation valves.  

 
D. Materials  
 
 1. Body: Cast Iron, ASTM A126 Class B 
 
 2. Piston, liner, seat, indicator rod, vent tubes and glands: lead free bronze  
 
 3. Internal fasteners: Type 316 Stainless steel 
 
 4. Control piping and components: Brass or lead free bronze.  
 
 5. Elastomers: Buna-N  
 
 6. Packing: Teflon    
 
E. Coating: Valve shall be epoxy coated in accordance with AWWA C550 
 
F. Shop testing:  
 

1. Hydrostatically test each assembled valve (except control piping) at 1.5 times the 
rated working pressure for 5 min.  

 
2. Test each valve for leakage at the rated working pressure against a closed valve for 

15 minutes. Allowable leakage is zero.  
 

 3. Perform functional test to verify proper operation at the specified performance.   
 
 
2.02  TAPPING VALVES  
 

A. Tapping valves shall fully comply with the requirements of AWWA C515 for resilient wedge 
gate valves and shall be manufactured by Clow, Muller, American Flow Control, M&H, US 
Pipe and Foundry or equal.  Valves shall be suitable for buried service.  
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B. Gate valves shall be designed for a minimum working pressure of 150 psi and tested at a 
pressure no less than 300 psi. Valves shall be capable of drip-tight, bidirectional shutoff. 

 
C. Gate valve body shall be ductile iron with fusion bonded epoxy coating on the interior and 

exterior in accordance with AWWA C550. The wedge shall be ductile iron encapsulated with 
EPDM.  

 
D. Valves shall operate in the vertical position. Valves shall be the non-rising stem type with 

standard 2-inch operating nut. Valves shall open left (counter-clockwise). 
 
E. Valve ends shall be Flange X Flange or Flange X MJ.   

 
 
2.03  MANUALLY OPERATED PINCH VALVES   

 
A. Pinch valves shall be Series 70 as manufactured by Red Valve, Style 2150 as manufactured 

by General Rubber, or Equal.  
 
B. Valve frame shall be constructed of carbon steel, sleeve shall be 100% port constructed of 

pure gum rubber.  
 
C. Pinch Valves shall have flanged ends and shall be designed for a minimum working 

pressure of 150psi.  
 
 
2.04 SOLENOID VALVES 
 

A. Three-way two-position solenoid valves shall be of the two coil type.  Both coils shall be 
normally closed and each shall open independently when energized.  The valve shall be of 
forged brass-body and bonnet with a Buna "N" diaphragm and screwed ends.  The 
solenoid's internal parts shall be of 300 and 400 series stainless steel.  The valve shall have 
a safe body working pressure of 125 psi and shall be as manufactured by ASCO Valves, 
Automatic Switch Co., or equal, for 120V, 60 Hz, single phase operation.  Solenoid 
enclosure shall be NEMA 4 watertight. 

 
B. Two-way solenoid valves shall be normally closed and shall open when the solenoid is 

energized, unless otherwise noted.  The valve shall be of forged brass-body and bonnet with 
a BUNA "N" diaphragm and screwed ends.  The solenoid's internal parts shall be of 300 and 
400 series stainless steel.  The valve shall have a safe body working pressure of 125 psi, 
and shall be as manufactured by ASCO Valves, Automatic Switch Co., or equal, for 120 volt, 
60 Hz, single phase operation.  Solenoid enclosure shall be NEMA 4 watertight. 

 
C. Four-way two-position solenoid valves shall be of the single coil type and shall be normally 

closed and shall open when the solenoid is energized (i.e. fail closed).  The remainder of the 
four-way two-position solenoid valves shall be of the two coil type.  Both coils shall be 
normally closed and each shall open independently when energized.  The valve shall be of 
forged brass-body and bonnet with a Buna "N" diaphragm and screwed ends.  The 
solenoid's internal parts shall be of 300 and 400 series stainless steel.  The valve shall have 
a safe body working pressure of 125 psi and shall be as manufactured by ASCO Valves, 
Automatic Switch Co. or equal, for 120V, 60 Hz, single phase operation.  Solenoid enclosure 
shall be NEMA 4 watertight. The solenoid valve shall be provided with a manual override. 
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2.05 PRESSURE RELIEF, REDUCING AND REGULATING VALVES 
 

A. Pressure relief valves 1 inch and under shall have bronze bodies and above 1 inch shall 
have cast iron bodies, bronze fitted with grey iron diaphragm base and straight chamber and 
phosphorus bronze diaphragm.  The ratio of the diaphragm area to the seat area shall be 
adequate to overcome sticking.  The seat disc shall be of non-corrodible, non-sticking 
material capable of withstanding extreme temperatures.  Valves shall permit dismantling for 
repairs and cleaning without being removed from the line.  Valves shall conform to the 
ASME Boiler Construction Code as approved by both the Underwriters Lab., and the 
National Board of Boiler Pressure Vessel Inspectors.  All valves shall be designed for a 
minimum working pressure at least equal to the working pressure of the corresponding 
pipeline and shall have adjustment over a range of at least 20 percent above or below the 
required setting pressure of the installation. 

 
B. Pressure relief valves (non-potable water service) shall be diaphragm activated, single seat, 

pilot operated and shall maintain a constant upstream pressure by relieving excess 
pressure. The valve shall be normally closed and shall open to maintain the required back 
pressure when the valve inlet pressure reaches the pilot control set point.  The initial pilot 
control setting shall be 78 psi.  The stem shall be stainless steel and shall be guided through 
the center for 100% of the stem travel.  The main valve throttling plug shall be provided with 
V-port sections to insure precise control at low flow rates.  All internal metal parts shall be 
bronze or stainless steel.  The control pilot shall be direct acting, spring loaded, and 
adjustable with bronze body and stainless steel trim.  The diaphragm and seat disc shall be 
BUNA-N.  The valve shall be of the angle or globe pattern as shown on the Drawings and 
shall be fully repairable in the line.  The pressure relief valve shall be the Model 428CP as 
manufactured by Bailey, Fresno, California, or equal. 

 
C. Pressure reducing and regulating valves (water service) 1/2-inch and under shall be bronze 

and above 1/2-inch shall have cast iron bodies bronze fitted.  Valves shall be constructed 
with full openings and capable of supplying a full flow of water at reduced pressure.  Valves 
shall be so constructed that repairs can be made without removing the valves from the line. 
The valves shall be equipped with a sedimentation chamber and stainless steel or bronze 
strainer.  Pressure reducing and regulating valves shall be the back pressure sustaining type 
and shall operate over a range at differential pressures from 5 to 120 psi.  Reducing and 
regulating valves shall meet or exceed the requirements of ASSE 1003 (ANSI A112.26.2) 
and shall be Model 616R, as manufactured by Fisher Controls, WATTS Series 25 AUB, GA, 
or equal. 

 
2.06 AIR-RELEASE, AIR/VACUUM, AND COMBINATION AIR VALVES 
 

A. General  
 

1. Air-release, air/vacuum and combination air valve assemblies shall be installed at all 
the locations specified herein and as indicated on the Drawings 

 
2. Air-release valves shall automatically release small pockets of accumulated air / 

wastewater or other gases from a liquid piping system while the system operates at a 
pressure exceeding atmospheric pressure. 
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3. Air vacuum valves shall vent large quantities of air automatically during a liquid 
piping system filling and to admit large quantities of air automatically when the 
pressure in the liquid piping system drops below atmospheric pressure. 

 
4. Combination air valves shall perform the same function as air-vacuum valves and 

shall additionally include a small orifice air-release valve.  
 
5. All air valves shall be installed complete with all appurtenant piping as required for a 

complete and operable installation.  Air valves shall meet the requirements of 
AWWA C512 (latest version). Valves shall be designed for a minimum working 
pressure of 150 psi and a test pressure of 300 psi.   

 
6. Unless otherwise specified, all air valves shall be constructed of cast iron with 

stainless steel float, and all working parts shall be lead free bronze, brass, stainless 
steel, or other corrosion resistant material.  All valves 1-inch diameter and larger 
shall have a 1/4-inch min. diameter drain plug 

 
7. Valve seats shall be Buna-N or EDPM (for ozone exposure) and shall provide drip 

tight closure at the rated pressure 
 
8. Unless otherwise shown or specified, air valves shall have threaded inlets for sizes 

less than 6-inches and flanged inlets for valves 6-inches and larger.  
 
9. All installations shall include a ball valve of the same diameter as the nominal valve 

size located on the inlet side for isolation. The exhaust from the valve shall be piped 
to a suitable disposal point.  

 
10. All internal and external ferrous components and surfaces of the valves, with the 

exception of stainless steel and finished or bearing surfaces, shall be shop painted 
with the manufacturer's premium (NSF approved) epoxy for corrosion resistance.  
Damaged surfaces shall be repaired in accordance with the manufacturer's 
recommendations. 

 
B. Air Release Valves (water)  
 

1. Manufacturer and Model: 
a. Crispin PL Series  
b. Golden Anderson – Figure 912, 920, 922 & 923 
c. Cla-Val – Series 34 
d. Valmatic  Models 15A-50 
 

 2. Orifice size: 1/4 –inch or as specified  
 
C.  Air/Vacuum Valves (water)  
 

1. Manufacturer and Model: 
a. Crispin AL Series  
b. Golden Anderson – Figure 930, 931 
c. Cla-Val – Series 35 
d. Valmatic Models 100S-120S 
 

2. Orifice size: as specified 
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D.  Air/Vacuum Valves (deep well/vertical pump service)  
 

1. General  
a. Valve shall include an arrestor check / anti slam device to reduce shock 

withinthe valve and pipeline and a throttling device to allow adjustment in the 
rate of air flow. 

 
2. Manufacturer and Model: 

a. Golden Anderson – Figure 933 
b. Cla-Val – Series 37AC 
c. Valmatic Models 101ST-112FSS 
 

3. Orifice size: as specified 
 

E. Single Body Combination Air Valves (water)  
 

1. Manufacturer and Model: 
a. Crispin UL Series  
b. Golden Anderson – Figure 945. 
c. Cla-Val – Series 36. 
d. Valmatic Models 201C.2-258C 
 

 2. Large Orifice Size: As specified 
 
 3. Small Orifice Size: ¼-inch or as specified 
 
F. Single Body Combination Air Valves (sewage/buried pipelines) 
 

1. General  
a. Air release and vacuum relief contained in single body housing and 

specifically designed for use with sewage force mains and shall be designed 
not to clog when used on force mains. 

b. Location: high points in pipelines and as shown. 
 

2. Manufacturer and Model: 
a. ARI D-025 
b. Vent-O-Mat RGX Short Pattern 
c. or equal 
 

3. Materials of Construction / Size / Accessories 
a. Body, Bottom Flange, and Cover Plate: Reinforced Nylon, 304 Stainless 

Steel,or Polypropylene. 
b. Floats: Foamed Polypropylene, HDPE 
c. Seals: BUNA-N 
d. Other Internal Parts: Reinforced Nylon, Polypropylene, HDPE, 304 Stainless 

Steel. 
  e. Pipe Size: 2-inch NPT, threaded connection 

f. Nominal Valve Size: 2-inch 
g. Total valve length shall be less than 21 inches 
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h. Provide Inlet isolating valve, bronze blow-off, flushing valves, and 5 ft (min) of 
rubber hose w/ quick disconnects to allow connection to a clean water 
source. 

 
E. Locations / Sizing /Alt Materials: 

 
Location/Service Inlet/ 

Outlet 

Size 

Discharge 

Cap scfm  

@ 2 psi 

Type Body 

Material 

Seat 

Material 

Influent Pump 1 1" 150 Air/ Vacuum Cast Iron Buna-N 

Influent Pump 2 1" 150 Air/ Vacuum Cast Iron Buna-N 

Influent Pump Discharge Piping 1" 150 Air/ Vacuum Cast Iron Buna-N 

Biofilters 1 & 3 Backwash Supply 1” 150 Air Cast Iron Buna-N 

Biofilters 2 & 4 Backwash Supply 1“ 150 Air Cast Iron Buna-N 

GAC Contactor 1 1" 100 Combination Cast Iron Buna-N 

GAC Contactor 2 1" 100 Combination Cast Iron Buna-N 

GAC Contactor Backwash Supply 1” 150 Air Cast Iron Buna-N 

UV Effluent 1" 100 Air/ Vacuum Cast Iron Buna-N 

Recharge Well 1 1-1/2" 100 Air/ Vacuum Cast Iron Buna-N 

Recharge Well 2 1-1/2" 200 Air/ Vacuum Cast Iron Buna-N 

Recharge Well 3 1-1/2" 200 Air/ Vacuum Cast Iron Buna-N 

Recharge Well 4 1-1/2" 200 Air/Vacuum Cast Iron Buna-N 

Recharge Well Casing Vent 1-1/2" 400 Air/ Vacuum Cast Iron Buna-N 

Drain Pump Discharge 1-1/2" 150 Air Cast Iron Buna-N 

 
 
2.07 HOSE VALVES 
 

A. Hose valves shall be 300 lbs. non-shock cold water angle or globe valves, Fig. 112/113 as 
manufactured by Jenkins Valve Co., or equal.  Valves shall be bronze bodied with Buna-N or 
neoprene disc and bronze bonnet and packing nut.  Valve stem, gland, and lock nut shall be 
brass.  Valve shall be provided with 3-inch diameter malleable iron handwheel, cap and 
chain, and 3/4-inch or 1-inch (or 2 inch near flushing connections) hose connection outlet. 

 
2.08 NEEDLE VALVES 
 

A. Needle valves shall be bronze body and spindle with follower gland and shall be 400 psi, 
non-shock cold water needle valves, Figure 743-G as manufactured by Jenkins Bros., Corp., 
Crane Co. No. 88, or equal. 
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B. Needle valves (service air) shall be bronze body, with stainless steel stem.  Valves shall be 
Jenkins Valve Fig. 741G, Crane Co. or equal and shall have minimum 400 psi non-shock 
cold water pressure rating and screwed ends. 

 
 
2.08 V-Port Ball Valves  
 

A. V-Port ball valves shall be as manufactured by Jflow, DeZurik, or equal. Valves shall be 
rated for a maximum differential pressure of 275 psi and shall have class 150 flanged ends.   

 
B. All materials shall be lead free and suitable for potable water. Valve shall have 317 stainless 

steel body, ball, retainer, bearings, and hardware. Shafts shall be 17-4 PH Stainless steel. 
Seat shall be flexible 317 stainless steel with heat treated electroless nickel overlay.     
Provide electric motor actuator in accordance with Section 15100.  

 
C.  V-Port ball valves shall operate between 30% and 70% open, be non-cavitating, and 

produce no more than 75 dBA throughout the specified range of operations.  
 
D.  MOV-0130 Operating Range 
  
 Fluid:    Clean Water 

Flow:     150 gpm 
 Inlet Pressure:   20 - 65 psig 
 Outlet Pressure:  < 5 psig 
 Temperature Range:   50° - 90°F 
  
 

2.09  RESILIENT WEDGE GATE VALVES  
 

A. Gate valves shall fully comply with the requirements of AWWA C515 for resilient wedge gate 
valves and shall be manufactured by Clow, Muller, American Flow Control, M&H, US Pipe 
and Foundry or equal.  Valves shall be suitable for buried service.  

 
B. Gate valves shall be designed for a minimum working pressure of 150 psi and tested at a 

pressure no less than 300 psi. Valves shall be capable of drip-tight, bidirectional shutoff. 
 
C. Gate valve body shall be ductile iron with fusion bonded epoxy coating on the interior and 

exterior in accordance with AWWA C550. The wedge shall be ductile iron encapsulated with 
EPDM.  

 
D. Valves shall operate in the vertical position. Valves shall be the non-rising stem type with 

standard 2-inch operating nut. Valves shall open left (counter-clockwise). 
 
E. Valve ends shall be Flange X Flange or Flange X MJ.   
 
 
 
 

- END OF SECTION - 
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SECTION 15115 
 

PVC/CPVC VALVES 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. Reference Section 15000, Basic Mechanical Requirements. 
 
 
PART 2 -- PRODUCTS 
 
2.01 MATERIALS OF CONSTRUCTION 
 

A. Valves provided for chemical service shall be constructed of materials suitable for the 
intended service. PVC valves shall be provided in PVC piping and CPVC valves shall be 
provided in CPVC piping. 

 
B. Valve bodies shall be constructed of Class 12454-B PVC or Class 23447-B CPVC.   
 
C. Acceptable elastomer materials for each chemical service shall be as follows:  

 

Chemical Acceptable Elastomers 

Aluminum Chlorohydrate EPDM or Viton 

Ammonium Sulfate EPDM or Viton 

Drain EPDM or Viton 

Phosphoric Acid Viton 

Polymer Viton 

Sodium Bisulfite EPDM or Viton 

Sodium Hydroxide, 50% EPDM 

Sodium Hypochlorite, 15% Viton 

Water (NPW, PW, SW, UW) EPDM or Viton 

 
2.02 PVC/CPVC BALL VALVES  
 

A. Ball valves shall have 125 psi minimum non-shock cold water pressure rating.  Valves shall 
have integral unions Design/Builder socket, flanged or threaded ends as required and as 
specified in Section 15390 and shall have removable handles.  Valves shall be 
manufactured by ASAHI/AMERICA, Chemtrol Products Division of NIBCO, Inc., IPEX 
Industrial Thermoplastics, Hayward Industrial Products, or equal.   

 
B. Ball valves for sodium hypochlorite service shall be single-seal type valves.  The ball shall be 

drilled by the valve manufacturer at the factory and installed with vent hole facing upstream.  
The pressure rating shall be a minimum of 125 psi at 70°F. 

 

3
1

2
1

4
-0

0
0
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2.03 PVC/CPVC SWING CHECK VALVES  
 
 

A. Swing check valves shall have an external lever and weight.  Check valves shall have 
socket, flanged, or threaded ends as specified in Section 15390.  Valves shall be capable of 
top entry to facilitate cleaning and repair Design/Builderout removal from the line.  Valve 
shall incorporate a single disc design.  Check valves shall be as manufactured by 
ASAHI/AMERICA, or equal. 

 
2.04 PVC/CPVC BALL CHECK VALVES 
 

A. Ball check valves shall have 150 psi minimum non-shock cold water pressure rating and 
integral union Design/Builder socket, flanged or threaded ends as specified in Section 
15390.  Valves shall be as manufactured by ASAHI/AMERICA, Chemtrol Products Division 
of NIBCO, Inc., Hayward Industrial Products, or equal. 

 
2.05 PVC/CPVC DIAPHRAGM VALVES 
 

A. Diaphragm valves shall have socket, flanged or threaded ends as specified in Section 15390 
and shall have a position indicator and adjustable travel stop.  Diaphragm valves shall be 
similar to Type G, as manufactured by ASAHI/AMERICA, Hayward Industrial Products, or 
equal. 

 
2.06 PVC/CPVC BUTTERFLY VALVES  
 

A. Butterfly valves shall be wafer style and shall have polypropylene discs.  Butterfly valves 
shall provide bubble-tight seating, Design/Builder 316 stainless steel shaft and gear 
operator, and shall be as manufactured by ASAHI/AMERICA, Hayward Industrial Products, 
or equal. 

 
2.07 PVC/CPVC BUTTERFLY CHECK VALVES 
 

A. Butterfly check valves shall have flanged ends or be wafer-style, as shown on the Drawings. 
Body and internal materials shall be PVC or CPVC, and elastomer materials shall be 
completely resistant to corrosion by the chemical being conveyed.  Valves shall be 
elastomer hinged check valves Design/Builder unrestricted full-port seatless design, tight 
shutoff, and the ability to be mounted in any position.  Valves shall be Techno Multi-Purpose 
Check Valves by Cameron, or equal. 

 
 
 

- END OF SECTION - 
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SECTION 15170 
 

LOW VOLTAGE ELECTRIC MOTORS 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish all labor, materials, tools and equipment necessary for 
furnishing, installing, connecting, testing and placing into satisfactory operation all low 
voltage electric motors as shown on the Drawings and specified herein.  All motors required 
for this Contract shall comply with this Section unless otherwise noted. 

 
1.02 SUBMITTALS 
 

A. In accordance with the procedures and requirements set forth in the General Conditions and 
Section 01 33 00 – Submittal Procedures, the Design/Builder shall obtain from the 
equipment manufacturer and submit the following: 

 
1. Shop Drawings. 

 
2. Spare Parts List. 

 
3. Special Tools List. 

 
B. Each submittal shall be identified by the applicable specification section. 

 
1.03 SHOP DRAWINGS 
 

A. Each submittal shall be complete in all respects, incorporating all information and data listed 
herein and all additional information required for evaluation of the proposed equipment's 
compliance with the Contract Documents. 

 
B. Partial, incomplete or illegible submittals will be returned to the Design/Builder without review 

for resubmittal.   
 

C. Individual shop drawings for electric motors shall be submitted in accordance with the 
procedures and requirements set forth in the General Conditions and Section  01 33 00, 
Submittal Procedures, unless submitted as a part of the shop drawings for the driven 
equipment. 

 
D. Shop drawings for electric motors shall include motor data sheets, dimensioned drawings, 

wiring diagrams (space heaters, temperature devices, etc.) identifying electric characteristics 
and design, mechanical construction, manufacturer's name, type and pertinent specifications 
for the use intended, along with the name of the equipment to be driven.  For motors rated 
50 horsepower or more, submittal of motor data for acceptance shall include, as a minimum, 
the following: 

 
1. Manufacturer's type and frame designation  

3
2

4
1

4
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0
0
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2. Horsepower rating  
 
3. Time rating (per NEMA Standards)  
 
4. Ambient temperature rating  
 
5. Insulation system designation  
 
6. RPM at rated load  
 
7. Frequency  
 
8. Number of phases  
 
9. Rated-load amperes 
 
10. Voltage 
 
11. Code letter (starting KVA per horsepower) 
 
12. Design letter for integral horsepower induction motors (per NEMA Standards) 
 
13. Service factor 
 
14. Temperature rise at full load and at service factor load 
 
15. Efficiency at 1/4, 1/2, 3/4 and full load 
 
16. Power factor at 1/4, 1/2, 3/4 and full load 
 
17. Motor outline, dimensions and weight 
 
18. Insulation system description 
 
19. Horsepower required by connected machine at specified conditions (load curves) 

shall be supplied for all compressors, propeller and positive displacement pumps. 
 

20. The foregoing data shall also be verified after manufacture and shall be included 
with the information to be furnished in the operation and maintenance manuals 
specified. 

 
E. The shop drawing information shall be complete and organized in such a way that the 

Engineer can determine if the requirements of these Specifications are being met.  Copies of 
technical bulletins, technical data sheets from "soft-cover" catalogs, and similar information 
which is "highlighted" or somehow identifies the specific equipment items the Design/Builder 
intends to provide are acceptable and shall be submitted. 
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PART 2 -- PRODUCTS 
 
2.01 MANUFACTURERS 
 

A. The equipment covered by this Specification is intended to be standard equipment of proven 
performance as manufactured by reputable concerns.  Equipment shall be designed, 
constructed and installed in accordance with the best practices of the trade, and shall 
operate satisfactorily when installed as shown on the Drawings. 

 
B. Electric motors shall be manufactured by Baldor/Reliance Electric Company; Nidec Motors; 

Toshiba Industrial and Power Systems, Inc.; Siemens Energy & Automation, Inc.; General 
Electric Company; or equal. 

 
2.02 MATERIALS AND CONSTRUCTION 
 

A. Motors shall be built in accordance with the latest standards of NEMA, including, but not 
limited to MG-1, IEEE, ANSI and to the requirements specified herein.  

 
B. Type 

 
1. Unless otherwise noted, motors specified herein shall be polyphase squirrel cage, 

NEMA Design B, or single phase capacitor or repulsion start induction motors.  
Special equipment requiring a motor drive with unusual characteristics shall be 
equipped with a definite purpose motor to meet the necessary requirements. 

 
2. Unless otherwise shown or specified, all motors 1/2 horsepower or larger shall be 

three- phase, 60 Hertz, NEMA Design B, squirrel cage induction motors designed for 
operation at 480 volts or greater as specified herein or shown on the Drawings. 

 
3. Unless otherwise specified in the individual equipment specification for the driven 

equipment, or as required by the dynamic characteristics of the load as determined 
by the manufacturer of the machine to be driven, all polyphase squirrel cage motors 
shall be designed to withstand the starting voltage shown on the Drawings and shall 
have torque and locked rotor current characteristics as specified for NEMA Design B 
motors. 

 
4. All motors 2 horsepower and smaller shall have windings encapsulated with a 

flexible epoxy compound, or insulated with a flexible epoxy compound, or insulated 
with the manufacturer's premium quality system which shall be subject to acceptance 
by the Engineer. 

 
5. All motors above 3 horsepower shall have stator windings vacuum impregnated with 

a polyester insulation compound. 
 

6. Unless otherwise noted, all motors smaller than 1/2 horsepower shall be standard 
single-phase capacitor start or repulsion start induction type designed for operation 
on 120 volts or 208 volts, 60 Hz alternating current.  The motor shall deliver rated 
load without exceeding a 80 degrees C temperature rise while operating in a 40 
degrees C ambient temperature.  Small fan motors less than 1/4 HP may be 
split-phase or shaded pole type.  Shaded pole motors rated more than 
1/4 horsepower will not be approved.  Fractional horsepower motors shall be 
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completely equipped with all necessary auxiliary components for starting and labeled 
as "Thermally Protected".  Insulation shall be Class F, except that submersible 
motors shall have epoxy encapsulation.  Unless otherwise noted, the motors shall be 
totally enclosed.  Small fan motors may be of the open type where they are suitably 
protected from moisture dripping and lint accumulation.  Motors shall be provided 
with sealed ball bearings lubricated for 10 years normal use. 

 
7. Where specified, vertical hollowshaft motors shall be designed to carry the motors', 

pumps', and associated equipment's full thrust.  The motors shall be equipped with 
grease lubricated spherical roller thrust bearings and lower radial guide bearings. 
Vertical hollowshaft motors shall be fitted with nonreversing ratchet assemblies 
where specified.  Vertical adjustment shall be provided by means of a lockable nut at 
the top of the shaft. 

 
8. Vertical hollowshaft motors shall have adequate thrust bearings to carry all motor 

loads and any other operating equipment loads.  Horizontal motors shall not be 
installed where subjected to external thrust loads. 

 
C. Rating 

 
1. Each motor shall develop ample torque for its required service through its 

acceleration range and throughout its rated load range.  The rating of the motors 
offered shall in no case be less than the horsepower shown on the Drawings or 
elsewhere specified.  It should be noted that the motor sizes indicated on the 
Drawings or as otherwise specified herein, are motor sizes required to operate the 
specific equipment which is specified.  Higher rated motor sizes may be determined 
from the actual equipment submitted, approved, purchased, and installed.  Overload 
protection, starters, disconnect switches, and other necessary equipment shall be 
furnished and installed for the actual motor sizes required at no additional cost. 

 
2. Motor ratings shall be based on continuous operation in an ambient temperature. 

The maximum temperature rise for open and drip proof type motors shall not exceed 
90 degrees C, and for totally enclosed type motors shall not exceed 80 degrees C. 

 
D. Insulation 

 
1. Insulation shall be as specified for each particular type or class of motor.  The 

insulation system shall provide a high dielectric strength, long life covering for the 
windings which may be required to operate in a continually damp and chemically 
contaminated environment.  The insulation shall be resistant to attack by moisture, 
acids, alkalies, abrasives, and mechanical and thermal shock.  Leads shall be 
sealed with a non-wicking, non-hydroscopic insulation material. 

 
2. Motor insulation resistance may be checked at any time after delivery to the job site 

or during the warranty period.  Encapsulated motor stators may be subjected to 
insulation testing while completely submerged in water.  Any motor not meeting the 
requirements specified herein will be rejected and shall be promptly replaced at no 
cost to the Owner. 

 
3. Torque and locked rotor current characteristics for three phase motors shall be 

NEMA Design B.  The locked rotor KVA/HP input at full voltage for 10 horsepower. 
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motors and larger shall not exceed that permitted for Code Letter "J", except for 
specialized equipment requiring a motor drive with special definite characteristics. 

 
4. Unless otherwise specified, non-inverter duty motors shall be furnished with a Class 

F insulation system.  Unless otherwise specified, inverter duty motors shall be 
furnished with a Class H insulation system.  In either case, temperature rise shall be 
limited to that for Class B insulation.  Output torque and speed characteristics of 
each motor shall be suitable to operate the driven equipment through the full range 
of acceleration and operating load conditions without exceeding the nameplates 
current rating, and/or temperature rise. 

 
5. Each motor shall have a minimum Corona Inception Voltage rating of 1600 volts.  

The motor manufacturer shall verify/certify this in the Submittal. 
 

E. Nameplates 
 

1. The motor manufacturer's nameplates shall be engraved or stamped on stainless 
steel and fastened to the motor frame with No. 4 or larger oval head stainless steel 
screws or drive pins.  Nameplates shall include as a minimum, Items a through m as 
listed in Article 1.03 in addition to that required by NEMA standards.  The nameplate 
shall be positioned so as to be readily visible for inspection in the completed 
machine. 

 
F. Design 

 
1. Motors shall be designed to accelerate and drive the connected equipment under all 

normal operating conditions without exceeding nameplate ratings.   
 
2. Motors specified for operation with variable frequency drives shall be inverter duty 

and shall be designed to output 100 percent of nameplate horsepower under 
continuous duty service without exceeding the temperature rise specified herein 
when controlled by the actual drives furnished.  Inverter duty motors shall be 
designed to operate down to 10% of full load speed without the need for a line 
powered cooling fan. 

 

3. Unless otherwise specified, electric motors shall be furnished with service factors in 
accordance with NEMA MG-1 as follows: 

 

Type of Motor Service Factor 

Non-inverter Duty 1.15 

Inverter Duty  1.0 
 

4. Design selection with respect to the driven machine shall be such that the 
requirements do not exceed 85 percent of the motors' maximum rating modified by 
service factor, ambient temperature, enclosure, altitude and electrical service.  The 
electrical service conditions shall be assumed to be 10 percent undervoltage, 
5 percent underfrequency, and 3 percent voltage unbalance.  Altitude shall be 
assumed to be the project site elevation plus 10 percent.  Ambient temperature shall 
be assumed to be 95 degrees F in exterior locations, 104 degrees F (40 degrees C) 
in interior locations, and 122 degrees F (50 degrees C) within housings or 
enclosures; except where higher temperatures may be encountered within or on 
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individual items of equipment.  The applicable paragraphs of NEMA MG-1 shall be 
used in making the design selection. 

 

5. Motors used with belt drives shall have sliding bases to provide for belt take up. 
 

6. Terminal boxes shall be of sufficient size to accommodate the required quantity and 
size of conduits.  Gasketed terminal boxes shall be furnished with all splash-proof 
and totally enclosed motors.  NEMA ratings of the terminal boxes shall be suited for 
the application.  Motors located in hazardous locations shall be furnished with 
terminal boxes suitable for the specific Class, Division, and Group suitable for the 
application.  Terminal boxes shall be sized to accommodate accessory equipment 
such as motor differential current transformers. 

 

7. Terminal boxes for horizontal motors shall be located on the left-hand side when 
viewing the motor from the drive shaft end and shall be so designed that conduit 
entrance can be made from above, below, or either side of the terminal box. 

 
8. All motors shall be provided with factory-installed one-hole terminations (ring 

terminals) on the ends of all motor leads.  Terminations shall be identified for use 
with cables that have stranding other than class B, and shall be the irreversible 
compression type. 

 

G. Construction 
 

1. Frames, mounting means, and shafts shall meet NEMA Standards for the 
horsepower, RPM, and enclosure selected.  Enclosures shall be selected according 
to the degree of mechanical protection required and shall not be of aluminum 
construction.  All motors shall have a manufacturer's standard shop machinery finish, 
consisting of a rust-resisting priming coat of zinc chromate and a finish coat of alkyd 
machinery enamel.  Reference Section 09900, Painting. 

 
2. Motors shall have cast iron frames and a heavy gauge steel terminal box, with 

neoprene gaskets between the frame and the box and between the box and its 
cover.  A grounding lug(s) shall be provided inside the terminal box. 

 
3. Motors weighing more than 50 pounds shall be equipped with at least one lifting eye. 

All lifting hardware shall be corrosion resistant.   
 

4. When located outdoors, or elsewhere if specified, motors shall be totally enclosed, 
non ventilated (TENV) or totally enclosed, fan cooled (TEFC) machines, unless 
otherwise noted. Totally enclosed motors shall be provided with two (2) 1/4 inch 
drain holes drilled through the bottom of the frame, which allows complete drainage 
of the frame.  Where specified, TEFC motors controlled by a variable frequency drive 
shall be provided with a separately powered cooling fan motor that runs at 60HZ to 
ensure proper cooling of the motor at low speeds.  Cooling fan motor shall be 
suitable for 120VAC, single phase operation.  Outdoor, vertically oriented motors 
shall be provided with drip covers. 

 
5. Unless otherwise specified in the equipment specifications, motors rated 10 

horsepower or greater located outdoors, in unheated structures, in below grade 
areas, or as otherwise indicated, shall be furnished with space heaters and 
embedded motor winding high temperature switches with leads brought out of the 
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motor terminal box.  Space heaters shall be suitable for 120VAC operation and for a 
maximum surface temperature of less than 200 degrees C.  Spare heaters shall be 
of sufficient wattage to maintain the internal temperature of the motor at 
approximately 10 degrees C above the ambient temperature when the motor is not 
running.  

6. Embedded motor winding temperature switches shall operate at temperatures well 
below the temperature rating of the motor winding insulation system.  Motor winding 
temperature switches are not required where other temperature monitoring devices 
(e.g. RTD's) are required. 

7. Unless otherwise specified in the equipment specifications, motors that are 
controlled by a VFD shall be furnished with motor winding high temperature switches 
embedded in the stator windings with the leads brought out to the motor terminal 
box. 

  
8. If so specified and when located in indoor areas which are heated and weatherproof, 

motors shall be open drip-proof machines.  Ventilation openings shall be arranged to 
prevent the entrance of drops of liquid or solid particles at any angle from zero to 15 
degrees downward from vertical. 

 
9. Unless otherwise specified, or required, motors rated less than 200 horsepower shall 

be furnished with bearings of the grease lubricated, antifriction ball type with 
conveniently located grease fittings and drain plugs.  A means of preventing 
bearings from becoming overgreased shall be provided.  Bearings shall have a 
minimum B-10 life of 20,000 hours. 

 
10. Rotors shall be statically and dynamically balanced.  Rotor windings shall be 

one-piece cast aluminum.  Where applicable, rotors shall be constructed with 
integral fins. 

 
11. With the exception of “Explosion Proof” motors, all motors that are controlled by a 

VFD shall be furnished with motor shaft grounding rings as manufactured by Aegis, 
Inpro/Seal or equal.  Shaft grounding rings shall be installed external to the motor 
housing by the manufacturer.  

 
H. Power Factor and Efficiency 

 
1. All motors, including vertical hollowshaft motors, in the range of 1-500 horsepower, 

inclusive, shall be designed specifically for energy efficiency and high power factor. 
The motor efficiency and power factor shall meet or exceed the values listed in the 
table below when the motors are tested in accordance with the NEMA preferred test 
method IEEE 112A, Method B, Dynamometer.  Each motor shall meet the minimum 
guaranteed efficiency value indicated in the table below.  All tests shall be performed 
in accordance with the procedures contained in NEMA Standard MG1-12.58. 
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TABLE 12-11 

FULL-LOAD EFFICIENCIES OF ENERGY EFFICIENT MOTORS 

ENCLOSED MOTORS 

HP 

2 POLE 4 POLE 6 POLE 8 POLE 

Nominal 

Efficiency 

Minimum 

Efficiency 

Nominal 

Efficiency 

Minimum 

Efficiency 

Nominal 

Efficiency 

Minimum 

Efficiency 

Nominal 

Efficiency 

Minimum 

Efficiency 

1 75.5 72 82.5 80 80 77 74 70 

1.5 82.5 80 84 81.5 85.5 82.5 77 74 

2 84 81.5 84 81.5 86.5 84 82.5 80 

3 85.5 82.5 87.5 85.5 87.5 85.5 84 81.5 

5 87.5 85.5 87.5 85.5 87.5 85.5 85.5 82.5 

7.5 88.5 86.5 89.5 87.5 89.5 87.5 85.5 82.5 

10 89.5 87.5 89.5 87.5 89.5 87.5 88.5 86.5 

15 90.2 88.5 91 89.5 90.2 88.5 88.5 86.5 

20 90.2 88.5 91 89.5 90.2 88.5 89.5 87.5 

25 91 89.5 92.4 91 91.7 90.2 89.5 87.5 

30 91 89.5 92.4 91 91.7 90.2 91 89.5 

40 91.7 90.2 93 91.7 93 91.7 91 89.5 

50 92.4 91 93 91.7 93 91.7 91.7 90.2 

60 93 91.7 93.6 92.4 93.6 92.4 91.7 90.2 

75 93 91.7 94.1 93 93.6 92.4 93 91.7 

100 93.6 92.4 94.5 93.6 94.1 93 93 91.7 

125 94.5 93.6 94.5 93.6 94.1 93 93.6 92.4 

150 94.5 93.6 95 94.1 95 94.1 93.6 92.4 

200 95 94.1 95 94.1 95 94.1 94.1 93 

250 95.4 94.5 95 94.1 95 94.1 94.5 93.6 

300 95.4 94.5 95.4 94s.5 95 94.1   

350 95.4 94.5 95.4 94.5 95 94.1   

400 95.4 94.5 95.4 94.5     

450 95.4 94.5 95.4 94.5     

500 95.4 94.5 95.8 95     
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TABLE 12-12 

FULL-LOAD EFFICIENCIES FOR NEMA PREMIUM™ EFFICIENCY ELECTRIC MOTORS 

RATED 600 VOLTS OR LESS (RANDOM WOUND) 

OPEN MOTORS 

HP 

2 POLE 4 POLE 6 POLE 

Nominal 

Efficiency 

Minimum 

Efficiency 

Nominal 

Efficiency 

Minimum 

Efficiency 

Nominal 

Efficiency 

Minimum 

Efficiency 

1 77 74 85.5 82.5 82.5 80 

1.5 84 81.5 86.5 84 86.5 81.5 

2 85.5 82.5 86.5 84 87.5 81.5 

3 85.5 82.5 89.5 84 88.5 86.5 

5 86.5 84 89.5 84 89.5 87.5 

7.5 88.5 86.5 91 89.5 90.2 88.5 

10 89.5 87.5 91.7 90.2 91.7 90.2 

15 90.2 88.5 93 91.7 91.7 90.2 

20 91 89.5 93 91.7 92.4 91 

25 91.7 90.2 93.6 92.4 93 91.7 

30 91.7 90.2 94.1 93 93.6 92.4 

40 92.4 91 94.1 93 94.1 93 

50 93 91.7 94.5 93.6 94.1 93 

60 93.6 92.4 95 94.1 94.5 93.6 

75 93.6 92.4 95 94.1 94.5 93.6 

100 93.6 92.4 95.4 94.5 95 94.1 

125 94.1 93 95.4 94.5 95 94.1 

150 94.1 93 95.8 95 95.4 94.5 

200 95 94.1 95.8 95 95.4 94.5 

250 95 94.1 95.8 95 95.4 94.5 

300 95.4 94.5 95.8 95 95.4 94.5 

350 95.4 94.5 95.8 95 95.4 94.5 

400 95.8 95 95.8 95 95.8 95 

450 95.8 95 96.2 95.4 96.2 95.4 

500 95.8 95 96.2 95.4 96.2 95.4 

 
NOTES: 
 
(1) Motor data for continuous duty, NEMA Design B, 1.15 service factor, 40 degrees 

Celsius ambient, Class F insulation, 3 phase, 460 volt, at listed speed rating. 
 
(2) TEFC efficiencies apply to both horizontal and vertical motors. 

 

 
2. Motors rated 50 horsepower or greater shall be individually tested at the factory 

before shipment, with a copy of test results provided for the Engineer, to assure 
compliance with the efficiency and power factor specifications. 
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I. Power Factor Correction 
 

1. The power factor shall be corrected as necessary to achieve 85% (minimum) with 
capacitors sized and installed per manufacturer's recommendations.  Capacitors 
shall be installed such that the motor shall not be damaged by overvoltage or 
excessive transient electrical torque.  The capacitor(s) shall be connected as close 
as possible or directly to the motor terminals.  Any power factor corrections shall not 
decrease the motor efficiency below the stated minimum requirement of this 
Specification.  All power factor corrections shall be noted on the Shop Drawings 
submitted to the Engineer for approval.  POWER FACTOR CORRECTION, TO 
ACHIEVE 85%, SHALL BE PROVIDED ON ALL MOTORS ABOVE 15 
HORSEPOWER EXCEPT FOR THOSE MOTORS CONTROLLED BY VARIABLE 
FREQUENCY DRIVES (VFD'S).   

 
2. When required, power factor correction capacitors shall be connected on the line 

side of any type of reduced voltage starting motor controller (e.g. RVAT, RVSS, Part-
Winding, Wye-Delta, etc.). 

 
2.03 TOOLS, SUPPLIES AND SPARE PARTS 
 

A. Each motor shall be furnished with all special tools necessary to disassemble, service, 
repair, and adjust the equipment.  All spare parts as recommended by the equipment 
manufacturer shall be furnished to the Owner by the Design/Builder. 

 
 
PART 3 -- EXECUTION 
 
3.01 INSTALLATION 
 

A. Motors shall be installed as shown on the Drawings and in accordance with the 
manufacturer's installation instructions. 

 
3.02 DELIVERY, STORAGE, AND HANDLING 
 

A. Motors shall be properly protected from weather hazards.  Motors shall not be allowed to be 
wrapped tightly in plastic while outdoors.  Motors delivered to the site which will not be put in 
service for a time in excess of 30 calendar days, whether in storage or installed, shall have 
the shafts rotated a minimum of five (5) rotations every 30 days.   

 
B. Motors provided with space heaters shall have temporary power applied to the heaters no 

later than 30 calendar days after delivery to the site until permanent power can be applied to 
the heaters.   

 
C. Motors that, in the opinion of the Engineer, have not been properly protected shall be 

inspected by the manufacturer's representative. Any required electrical corrections for 
testing shall be made at the Design/Builder's expense prior to acceptance and/or use. 

 
D. All motors shall operate without any undue noise or vibration and shall show no signs of 

phase unbalance. 
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3.03 TESTING 
 

A. All tests shall be performed in accordance with the requirements of the General Conditions 
and Division 1.  The following tests are required: 

 
1. Witnessed Shop Tests 

 
a. All motors shall be shop tested and inspected in accordance with the 

equipment manufacturer's standard procedures.  The manufacturer's testing 
and inspection procedures shall demonstrate that the equipment tested 
conforms to the requirements specified, all other applicable requirements, 
and shall be approved by the Engineer.   

 
b. In addition to the efficiency and power factor testing specified herein, each 

motor shall be tested to determine compliance with the applicable 
requirements of the IEEE, ANSI and NEMA.  Tests shall be as follows: 

 
(1) Motors less than 50 HP 

 
(a) Each motor shall be subjected to a standard, short 

commercial test including the following: 
 

i) Running current, no load 
ii) Locked rotor current 
iii) High potential 
iv) Winding resistance 
v) Bearing inspection 

 
(2) Motors between 50 and 100 HP 

 
(a) Each motor shall be subjected to the above tests and shall be 

furnished with certified test results. 
 

2. Field Tests 
 

a. Field tests shall be performed in accordance with the requirements specified 
in the General Conditions, Division 1, and Section 16000, Basic Electrical 
Requirements.   

 
b. All electric motors furnished for this project one (1) horsepower or larger shall 

have the information required in the following tabulation completed.  See 
Exhibit "A" on following page. 

 
c. All field testing shall be witnessed by the Engineer. 
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(EXHIBIT A) 
 
 

MOTOR TEST RECORD 

Motor 
Identification 

Remarks Location 
Specified 

Horsepower 
Nameplate 
Horsepower 

Nameplate 
Amperage 

(FLA) 

Measured 
Amperage 

Under Normal 
Operating 
Conditions 

      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

- END OF SECTION - 
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SECTION 15290 
 

INSULATION 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish and install insulation as shown on the Drawings or 
otherwise specified.  Insulation shall not be installed until piping has been field tested and 
approved by the Owner.  The Design/Builder shall protect the insulation from moisture at all 
times. 

 
B. Reference Section 15000, Basic Mechanical Requirements. 

 
 
PART 2 -- PRODUCTS 
 
2.01 INSULATED PROCESS/CHEMICAL PIPING 
 

A. Fiberglass insulation shall be Owens Corning Fiberglass Corp., Fiberglass 25ASJ/SSC; 
Certain Teed Products Corporation, Certain Teed snap-on ASJ/SSL; or equal.  Insulation 
shall be heavy density sectional pipe insulation with vapor barrier and self-sealing lap.  
Minimum insulation density shall be 6 pounds per cubic foot.  Design/Builder shall use 
manufacturer's recommended adhesives and tape for jointing material.  Fittings shall be 
molded fiberglass.  Minimum insulation thickness shall be 1-1/2 inches for 4" diameter pipe 
and larger, and 1 inch for smaller pipe. Insulation thickness for heat traced pipe is specified 
in Section 15391, Heat Tracing Systems.   

 
B. Weatherproof insulation jacket for process piping shall be Certain Teed Products 

Corporation; Childers Products Company, Lock On and Slip On; or equal.  Jacket shall be 
smooth embossed aluminum metal jacket with minimum thickness 0.016 inches thick for 
interior installations and at least 0.031 inches thick for exterior installations.  Fastening shall 
use preformed "2"-lock seam with 2 inch butt strap with sealant.  Bonds shall be 1/2 inch 
aluminum with wing seals.  Fittings shall be prefabricated 0.016/0.031 inches thickness 
aluminum. 

 
1. Design/Builder shall install weather proofing for outdoor piping.  The field applied 

jacket with moisture barrier shall be slipped around pipe into preformed 2-lock 
position.  Butt next jacket section adjacent to previous section leaving 3/8 inch gap.  
Place preformed 2 inch butt strap with sealant over the seam and secure with 1/2 
inch aluminum band and wing seal.  Design/Builder shall install preformed fittings 
identical in composition to pipe jacketing at all fittings. 

 
C. Insulation fitting covers and jacket for chemical piping shall be Zeston 2000 PVC by Johns 

Manville, or equal.  Fitting covers shall fit snugly over fittings, including all elbows and valves, 
etc.  Jacketing shall be high-impact UV-resistant covering for insulated piping and shall 
match fitting covers.  Fitting covers and jackets shall be white and suitable for painting.  PVC 
jacketing shall be 30 mil thick and shall be factory curled to fit snugly.  Fitting covers and 
jacketing shall be secured with tacks. 

3
2

4
1

4
-0

0
0
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D. The Design/Builder shall insure that surfaces of pipes, valves, heat tracing, and fittings are 

clean and dry prior to installation of insulation.  Insulation shall be installed so as to make 
surfaces smooth, even, and substantially flush with the adjacent insulation.  The 
Design/Builder shall follow the manufacturer's application instructions for the materials used. 

 
2.02 INSULATED AIR PIPING 
 

A. Fiberglass insulation shall be provided for blower discharge piping as shown on the 
Drawings and as specified herein.  Insulation shall be a pre-formed cylindrical fiberglass pipe 
insulation.  The fibrous insulation is adhered to the ASJ jacket with the end grain of the 
insulation perpendicular to the jacket surface.  Each section of insulation may be secured on 
the longitudinal seam by using staples and mastic or vapor barrier ASJ pressure sensitive 
tape according to manufacturer’s recommendation.  Adjacent sections shall be butted 
together and sealed with vapor barrier ASJ pressure sensitive tape. The insulation shall be 1 
inch thick with a fiberglass density of at least 3 pounds per cubic foot. 

 
B. Insulation shall be fiberglass pipe wrap as manufactured by Owens-Corning, Johns Manville, 

or equal. 
 

C. The insulation shall be covered in a factory applied ASJ SSL vapor-retarder Jacket 
 
 
 
PART 3 – EXECUTION (NOT USED) 
 
 
 

- END OF SECTION - 
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SECTION 15300 

WET-PIPE FIRE-SUPPRESSION SPRINKLERS 

PART 1 -- GENERAL 

1.01 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 1 Specification Sections, apply to this Section. 

1.02 SUMMARY 

A. Section Includes: 

1. Pipes, fittings, and specialties. 

2. Fire-protection valves. 

3. Fire-department connections. 

4. Sprinklers. 

5. Alarm devices. 

6. Manual control stations. 

7. Control panels. 

8. Pressure gages. 

B. Related Sections: 

1.03 DEFINITIONS 

A. High-Pressure Sprinkler Piping:  Wet-pipe sprinkler system piping designed to operate at 
working pressure higher than standard 175 psig (1200 kPa), but not higher than 250 psig 
(1725 kPa). 

B. Standard-Pressure Sprinkler Piping:  Wet-pipe sprinkler system piping designed to 
operate at working pressure of 175 psig (1200 kPa) maximum. 

1.04 SYSTEM DESCRIPTIONS 

A. Wet-Pipe Sprinkler System:  Automatic sprinklers are attached to piping containing water 
and that is connected to water supply through alarm valve.  Water discharges 
immediately from sprinklers when they are opened.  Sprinklers open when heat melts 
fusible link or destroys frangible device.  Hose connections are included if indicated. 
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B. Deluge Sprinkler System:  Open sprinklers are attached to piping connected to water 
supply through deluge valve.  Fire-detection system, in same area as sprinklers, opens 
valve.  Water flows into piping system and discharges from attached sprinklers when 
valve opens. 

1.05 PERFORMANCE REQUIREMENTS 

A. Standard-Pressure Piping System Component:  Listed for 175-psig (1200-kPa) minimum 
working pressure. 

B. Delegated Design:  Design sprinkler system(s), including comprehensive engineering 
analysis by a qualified professional engineer, using performance requirements and 
design criteria indicated. 

1. Fire-hydrant flow test records indicate the following conditions: 

a. Location of Residual Fire Hydrant:  Treatment Plant. 

b. Location of Flow Fire Hydrant:  East side of proposed service building. 

c. Static Pressure at Residual Fire Hydrant:  66-psig (455-kPa). 

d. Required Flow at Flow Fire Hydrant:  2100 gpm (132- L/s). 

e. Required Residual Pressure at Residual Fire Hydrant:  Minimum 20-psig 
(138-kPa). 

C. Sprinkler system design shall be approved by authorities having jurisdiction. 

1. Margin of Safety for Available Water Flow and Pressure:  5 percent, including 
losses through water-service piping, valves, and backflow preventers. 

2. Sprinkler Occupancy Hazard Classifications: 

a. Building Service Areas:  Ordinary Hazard, Group 1. 

b. Electrical Equipment Rooms:  Ordinary Hazard, Group 1. 

c. General Storage Areas:  Ordinary Hazard, Group 1. 

d. Mechanical Equipment Rooms:  Ordinary Hazard, Group 1. 

e. Vending and Break Areas:  Ordinary Hazard, Group 1. 

f. Office and Public Areas:  Light Hazard. 

g. Large Storage and Loading Area:  Ordinary Hazard, Group 2. 

h. Fueling Center:  Ordinary Hazard, Group 2. 

i. Chemical Storage Area: Ordinary Hazard, Group 2. 

j. Laboratory: Ordinary Hazard, Group 2. 
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3. Minimum Density for Automatic-Sprinkler Piping Design: 

a. Light-Hazard Occupancy:  0.10 gpm over 1500-sq. ft. (4.1 mm/min. over 
139-sq. m) area. 

b. Ordinary-Hazard, Group 1 Occupancy:  0.15 gpm over 1500-sq. ft. 
(6.1 mm/min. over 139-sq. m) area. 

c. Ordinary-Hazard, Group 2 Occupancy:  0.152 gpm over 3900-sq. ft. 
(8.1 mm/min. over 139-sq. m) area. 

4. Minimum Density for Deluge-Sprinkler Piping Design: 

a. Ordinary-Hazard, Group 1 Occupancy:  0.15 gpm (6.1 mm/min.) over 
entire area. 

b. Ordinary-Hazard, Group 2 Occupancy:  0.20 gpm (8.1 mm/min.) over 
entire area. 

5. Maximum Protection Area per Sprinkler: 

a. Office Spaces (Light Hazard):  225 sq. ft. (20.9 sq. m). 

b. Storage Areas (Ordinary Hazard):  130 sq. ft. (12.1 sq. m). 

c. Mechanical Equipment Rooms (Ordinary Hazard):  130 sq. ft. 
(12.1 sq. m). 

d. Electrical Equipment Rooms (Ordinary Hazard):  130 sq. ft. (12.1 sq. m). 

e. Other Areas:  According to NFPA 13 recommendations unless otherwise 
indicated. 

6. Total Combined Hose-Stream Demand Requirement:  According to NFPA 13 
unless otherwise indicated: 

a. Light-Hazard Occupancies:  100 gpm (6.3 L/s) for 30 minutes. 

b. Ordinary-Hazard, Group 1 Occupancies:  250 gpm (15.75 L/s) for 60 to 
90 minutes. 

c. Ordinary-Hazard, Group 2 Occupancies:  500 gpm (15.75 L/s) for 90 to 
120 minutes 

1.06 SUBMITTALS 

A. Product Data:  For each type of product indicated.  Include rated capacities, operating 
characteristics, electrical characteristics, and furnished specialties and accessories. 

B. Shop Drawings:  For wet-pipe sprinkler systems.  Include plans, elevations, sections, 
details, and attachments to other work. 
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1. Wiring Diagrams:  For power, signal, and control wiring. 

C. Delegated-Design Submittal:  For sprinkler systems indicated to comply with performance 
requirements and design criteria, including analysis data signed and sealed by the 
qualified professional engineer responsible for their preparation. 

D. Coordination Drawings:  Sprinkler systems, drawn to scale, on which the following items 
are shown and coordinated with each other, using input from installers of the items 
involved: 

1. Domestic water piping. 

2. HVAC hydronic piping. 

3. Items penetrating finished ceiling include the following: 

a. Lighting fixtures. 

b. Air outlets and inlets. 

c. Ductwork, pipes, and conduit. 

E. Qualification Data:  For qualified Installer and professional engineer. 

F. Approved Sprinkler Piping Drawings:  Working plans, prepared according to NFPA 13, that 
have been approved by authorities having jurisdiction, including hydraulic calculations if 
applicable. 

G. Welding certificates. 

H. Fire-hydrant flow test report. 

I. Field Test Reports and Certificates:  Indicate and interpret test results for compliance 
with performance requirements and as described in NFPA 13.  Include "Design/Builder 
Material and Test Certificate for Aboveground Piping." 

J. Field quality-control reports. 

K. Operation and Maintenance Data:  For sprinkler specialties to include in emergency, 
operation, and maintenance manuals. 

1.07 QUALITY ASSURANCE 

A. Installer Qualifications: 

1. Installer's responsibilities include designing, fabricating, and installing sprinkler 
systems and providing professional engineering services needed to assume 
engineering responsibility.  Base calculations on results of fire-hydrant flow test. 

a. Engineering Responsibility:  Preparation of working plans, calculations, 
and field test reports by a qualified professional engineer. 

B. Welding Qualifications:  Qualify procedures and operators according to ASME Boiler and 
Pressure Vessel Code. 
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C. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in 
NFPA 70, by a qualified testing agency, and marked for intended location and application. 

D. NFPA Standards:  Sprinkler system equipment, specialties, accessories, installation, and 
testing shall comply with the following: 

1. NFPA 13, "Installation of Sprinkler Systems." 

2. NFPA 24, "Installation of Private Fire Service Mains and Their Appurtenances." 

1.08 PROJECT CONDITIONS 

A. Interruption of Existing Sprinkler Service:  Do not interrupt sprinkler service to facilities 
occupied by Owner or others unless permitted under the following conditions and then 
only after arranging to provide temporary sprinkler service according to requirements 
indicated: 

1. Notify Owner no fewer than two days in advance of proposed interruption of 
sprinkler service. 

2. Do not proceed with interruption of sprinkler service without Owner's written 
permission. 

1.09 COORDINATION 

A. Coordinate layout and installation of sprinklers with other construction that penetrates 
ceilings, including light fixtures, HVAC equipment, and partition assemblies. 

1.10 EXTRA MATERIALS 

A. Furnish extra materials that match products installed and that are packaged with 
protective covering for storage and identified with labels describing contents. 

1. Sprinkler Cabinets:  Finished, wall-mounted, steel cabinet with hinged cover, and 
with space for minimum of six spare sprinklers plus sprinkler wrench.  Include 
number of sprinklers required by NFPA 13 and sprinkler wrench.  Include 
separate cabinet with sprinklers and wrench for each type of sprinkler used on 
Project. 

PART 2 -- PRODUCTS 

2.01 PIPING MATERIALS 

A. Comply with requirements in "Piping Schedule" Article for applications of pipe, tube, and 
fitting materials, and for joining methods for specific services, service locations, and pipe 
sizes. 



 
Sustainable Water Phase 3 –  Wet-Pipe Fire-Suppression Sprinklers – REV 0   
Demonstration Facility 15300-6 IFC June 2017 

2.02 STEEL PIPE AND FITTINGS 

A. Standard Weight, Galvanized- and Black-Steel Pipe:  ASTM A 53/A 53M, Type E, 
Grade B.  Pipe ends may be factory or field formed to match joining method. 

B. Schedule 30, Galvanized- and Black-Steel Pipe:  ASTM A 135; ASTM A 795/A 795M, 
Type E; or ASME B36.10M, wrought steel; with wall thickness not less than Schedule 30 
and not more than Schedule 40.  Pipe ends may be factory or field formed to match 
joining method. 

C. Thinwall Galvanized- and Black-Steel Pipe:  ASTM A 135 or ASTM A 795/A 795M, 
threadable, with wall thickness less than Schedule 30 and equal to or greater than 
Schedule 10.  Pipe ends may be factory or field formed to match joining method. 

D. Schedule 10, Black-Steel Pipe:  ASTM A 135 or ASTM A 795/A 795M, Schedule 10 in 
NPS 5 (DN 125) and smaller; and NFPA 13-specified wall thickness in NPS 6 to NPS 10 
(DN 150 to DN 250), plain end. 

E. Galvanized- and Black-Steel Pipe Nipples:  ASTM A 733, made of ASTM A 53/A 53M, 
standard-weight, seamless steel pipe with threaded ends. 

F. Galvanized and Uncoated, Steel Couplings:  ASTM A 865, threaded. 

G. Galvanized and Uncoated, Gray-Iron Threaded Fittings:  ASME B16.4, Class 125, 
standard pattern. 

H. Malleable- or Ductile-Iron Unions:  UL 860. 

I. Cast-Iron Flanges:  ASME 16.1, Class 125. 

J. Steel Flanges and Flanged Fittings:  ASME B16.5, Class 150. 

K. Steel Welding Fittings:  ASTM A 234/A 234M and ASME B16.9. 

L. Grooved-Joint, Steel-Pipe Appurtenances: 

1. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to, the following: 

a. Anvil International, Inc. 

b. Corcoran Piping System Co. 

c. National Fittings, Inc. 

d. Shurjoint Piping Products. 

e. Tyco Fire & Building Products LP. 

f. Victaulic Company. 
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2. Pressure Rating:  250 psig (1725 kPa) minimum. 

3. Galvanized and Uncoated, Grooved-End Fittings for Steel Piping:  ASTM A 47/A 47M, 
malleable-iron casting or ASTM A 536, ductile-iron casting; with dimensions matching 
steel pipe. 

4. Grooved-End-Pipe Couplings for Steel Piping:  AWWA C606 and UL 213, rigid 
pattern, unless otherwise indicated, for steel-pipe dimensions.  Include ferrous 
housing sections, EPDM-rubber gasket, and bolts and nuts. 

M. Steel Pressure-Seal Fittings:  UL 213, FM-approved, 175-psig (1200-kPa) pressure rating 
with steel housing, rubber O-rings, and pipe stop; for use with fitting manufacturers' 
pressure-seal tools. 

1. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to, the following: 

a. Victaulic Company. 

2.03 LISTED FIRE-PROTECTION VALVES 

A. General Requirements: 

1. Valves shall be UL listed or FM approved. 

2. Minimum Pressure Rating for Standard-Pressure Piping:  175 psig (1200 kPa). 

3. Minimum Pressure Rating for High-Pressure Piping:  250 psig (1725 kPa). 

B. Ball Valves: 

1. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to, the following: 

a. Anvil International, Inc. 

b. Victaulic Company. 

2. Standard:  UL 1091 except with ball instead of disc. 

3. Valves NPS 1-1/2 (DN 40) and Smaller:  Bronze body with threaded ends. 

4. Valves NPS 2 and NPS 2-1/2 (DN 50 and DN 65):  Bronze body with threaded 
ends or ductile-iron body with grooved ends. 

5. Valves NPS 3 (DN 80):  Ductile-iron body with grooved ends. 

C. Bronze Butterfly Valves: 

1. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to, the following: 
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a. Fivalco Inc. 

b. Global Safety Products, Inc. 

c. Milwaukee Valve Company. 

2. Standard:  UL 1091. 

3. Pressure Rating:  175 psig (1200 kPa). 

4. Body Material:  Bronze. 

5. End Connections:  Threaded. 

D. Iron Butterfly Valves: 

1. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to, the following: 

a. Anvil International, Inc. 

b. Fivalco Inc. 

c. Global Safety Products, Inc. 

d. Kennedy Valve; a division of McWane, Inc. 

e. Milwaukee Valve Company. 

f. NIBCO INC. 

g. Pratt, Henry Company. 

h. Shurjoint Piping Products. 

i. Tyco Fire & Building Products LP. 

j. Victaulic Company. 

2. Standard:  UL 1091. 

3. Pressure Rating:  175 psig (1200 kPa). 

4. Body Material:  Cast or ductile iron. 

5. Style:  Lug or wafer. 

6. End Connections:  Grooved. 

E. Check Valves: 

1. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to, the following: 
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a. AFAC Inc. 

b. American Cast Iron Pipe Company; Waterous Company Subsidiary. 

c. Fire Protection Products, Inc. 

d. Globe Fire Sprinkler Corporation. 

e. Reliable Automatic Sprinkler Co., Inc. 

f. Tyco Fire & Building Products LP. 

g. Victaulic Company. 

h. Viking Corporation. 

i. Watts Water Technologies, Inc. 

2. Standard:  UL 312. 

3. Pressure Rating:  250 psig (1725 kPa) minimum. 

4. Type:  Swing check. 

5. Body Material:  Cast iron. 

6. End Connections:  Flanged or grooved. 

F. Indicating-Type Butterfly Valves: 

1. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to, the following: 

a. Anvil International, Inc. 

b. Fivalco Inc. 

c. Global Safety Products, Inc. 

d. Kennedy Valve; a division of McWane, Inc. 

e. Milwaukee Valve Company. 

f. NIBCO INC. 

g. Shurjoint Piping Products. 

h. Tyco Fire & Building Products LP. 

i. Victaulic Company. 

2. Standard:  UL 1091. 

3. Pressure Rating:  175 psig (1200 kPa) minimum. 
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4. Valves NPS 2 (DN 50) and Smaller: 

a. Valve Type:  Ball or butterfly. 

b. Body Material:  Bronze. 

c. End Connections:  Threaded. 

5. Valves NPS 2-1/2 (DN 65) and Larger: 

a. Valve Type:  Butterfly. 

b. Body Material:  Cast or ductile iron. 

c. End Connections:  Flanged, grooved, or wafer. 

6. Valve Operation:  Integral electrical, 115-V ac, prewired, two-circuit, supervisory 
switch indicating device. 

G. Indicator Posts: 

1. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to, the following: 

a. American Cast Iron Pipe Company; Waterous Company Subsidiary. 

b. American Valve, Inc. 

c. Clow Valve Company; a division of McWane, Inc. 

d. Crane Co.; Crane Valve Group; Stockham Division. 

e. Kennedy Valve; a division of McWane, Inc. 

f. Mueller Co.; Water Products Division. 

g. NIBCO INC. 

h. Tyco Fire & Building Products LP. 

2. Standard:  UL 789. 

3. Type:  Horizontal for wall mounting. 

4. Body Material:  Cast iron with extension rod and locking device. 

5. Operation:  Wrench. 

2.04 TRIM AND DRAIN VALVES 

A. General Requirements: 

1. Standard:  UL's "Fire Protection Equipment Directory" listing or "Approval Guide," 
published by FM Global, listing. 
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2. Pressure Rating:  175 psig (1200 kPa) minimum. 

B. Angle Valves: 

1. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to, the following: 

a. Fire Protection Products, Inc. 

b. United Brass Works, Inc. 

C. Ball Valves: 

1. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to, the following: 

a. Anvil International, Inc. 

b. Fire Protection Products, Inc. 

c. Tyco Fire & Building Products LP. 

d. Victaulic Company. 

e. Watts Water Technologies, Inc. 

2.05 SPECIALTY VALVES 

A. General Requirements: 

1. Standard:  UL's "Fire Protection Equipment Directory" listing or "Approval Guide," 
published by FM Global, listing. 

2. Pressure Rating: 

a. Standard-Pressure Piping Specialty Valves:  175 psig (1200 kPa) minimum. 

b. High-Pressure Piping Specialty Valves:  250 psig (1725 kPa) minimum. 

3. Body Material:  Cast or ductile iron. 

4. Size:  Same as connected piping. 

5. End Connections:  Flanged or grooved. 

B. Alarm Valves: 

1. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to, the following: 

a. AFAC Inc. 
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b. Globe Fire Sprinkler Corporation. 

c. Reliable Automatic Sprinkler Co., Inc. 

d. Tyco Fire & Building Products LP. 

e. Venus Fire Protection Ltd. 

f. Victaulic Company. 

g. Viking Corporation. 

2. Standard:  UL 193. 

3. Design:  For horizontal or vertical installation. 

4. Include trim sets for bypass, drain, electrical sprinkler alarm switch, pressure 
gages, retarding chamber, and fill-line attachment with strainer. 

5. Drip Cup Assembly:  Pipe drain without valves and separate from main drain 
piping. 

6. Drip Cup Assembly:  Pipe drain with check valve to main drain piping. 

C. Deluge Valves: 

1. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to, the following: 

a. AFAC Inc. 

b. BERMAD Control Valves. 

c. CLA-VAL Automatic Control Valves. 

d. Globe Fire Sprinkler Corporation. 

e. OCV Control Valves. 

f. Reliable Automatic Sprinkler Co., Inc. 

g. Tyco Fire & Building Products LP. 

h. Venus Fire Protection Ltd. 

i. Victaulic Company. 

j. Viking Corporation. 

2. Standard:  UL 260. 

3. Design:  Hydraulically operated, differential-pressure type. 
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4. Include trim sets for bypass, drain, electrical sprinkler alarm switch, pressure 
gages, drip cup assembly piped without valves and separate from main drain 
line, fill-line attachment with strainer, and push-rod chamber supply connection. 

5. Wet, Pilot-Line Trim Set:  Include gage to read push-rod chamber pressure, 
globe valve for manual operation of deluge valve, and connection for actuation 
device. 

D. Automatic (Ball Drip) Drain Valves: 

1. Manufacturers:  Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 

a. AFAC Inc. 

b. Reliable Automatic Sprinkler Co., Inc. 

c. Tyco Fire & Building Products LP. 

2. Standard:  UL 1726. 

3. Pressure Rating:  175 psig (1200 kPa) minimum. 

4. Type:  Automatic draining, ball check. 

5. Size:  NPS 3/4 (DN 20). 

6. End Connections:  Threaded. 

2.06 FIRE-DEPARTMENT CONNECTIONS 

A. Exposed-Type, Fire-Department Connection: 

1. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to, the following: 

a. AFAC Inc. 

b. Elkhart Brass Mfg. Company, Inc. 

c. Fire-End & Croker Corporation. 

d. Fire Protection Products, Inc. 

e. GMR International Equipment Corporation. 

f. Guardian Fire Equipment, Inc. 

g. Tyco Fire & Building Products LP. 

h. Wilson & Cousins Inc. 
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2. Standard:  UL 405. 

3. Type:  Exposed, projecting, for wall mounting. 

4. Pressure Rating:  175 psig (1200 kPa) minimum. 

5. Body Material:  Corrosion-resistant metal. 

6. Inlets:  Brass with threads according to NFPA 1963 and matching local fire-
department sizes and threads.  Include extension pipe nipples, brass lugged 
swivel connections, and check devices or clappers. 

7. Caps:  Brass, lugged type, with gasket and chain. 

8. Escutcheon Plate:  Round, brass, wall type. 

9. Outlet:  Back, with pipe threads. 

10. Number of Inlets:  Two. 

11. Escutcheon Plate Marking:  Similar to " AUTO SPKR." 

12. Finish:  Polished chrome plated. 

13. Outlet Size:  NPS 6 (DN 150). 

B. Flush-Type, Fire-Department Connection: 

1. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to, the following: 

a. AFAC Inc. 

b. Elkhart Brass Mfg. Company, Inc. 

c. GMR International Equipment Corporation. 

d. Guardian Fire Equipment, Inc. 

e. Potter Roemer. 

2. Standard:  UL 405. 

3. Type:  Flush, for wall mounting. 

4. Pressure Rating:  175 psig (1200 kPa) minimum. 

5. Body Material:  Corrosion-resistant metal. 

6. Inlets:  Brass with threads according to NFPA 1963 and matching local fire-
department sizes and threads.  Include extension pipe nipples, brass lugged 
swivel connections, and check devices or clappers. 
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7. Caps:  Brass, lugged type, with gasket and chain. 

8. Escutcheon Plate:  Rectangular, brass, wall type. 

9. Outlet:  With pipe threads. 

10. Body Style:  Horizontal. 

11. Number of Inlets:  Two. 

12. Outlet Location:  Back. 

13. Escutcheon Plate Marking:  Similar to " AUTO SPKR." 

14. Finish:  Polished chrome plated. 

15. Outlet Size:  NPS 6 (DN 150). 

C. Yard-Type, Fire-Department Connection: 

1. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to, the following: 

 

a. AFAC Inc. 

b. Elkhart Brass Mfg. Company, Inc. 

c. Fire-End & Croker Corporation. 

d. Fire Protection Products, Inc. 

e. GMR International Equipment Corporation. 

f. Guardian Fire Equipment, Inc. 

g. Wilson & Cousins Inc. 

2. Standard:  UL 405. 

3. Type:  Exposed, freestanding. 

4. Pressure Rating:  300 psig (2070 kPa). 

5. Body Material:  Corrosion-resistant metal. 

6. Inlets:  Brass with threads according to NFPA 1963 and matching local fire-
department sizes and threads.  Include extension pipe nipples, brass lugged 
swivel connections, and check devices or clappers. 

7. Caps:  Brass, lugged type, with gasket and chain. 
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8. Escutcheon Plate:  Round, brass, floor type. 

9. Outlet:  Bottom, with pipe threads. 

10. Number of Inlets:  Two. 

11. Sleeve:  Not required. 

12. Sleeve Height:  18 inches (460 mm). 

13. Escutcheon Plate Marking:  Similar to " AUTO SPKR." 

14. Finish:  Rough brass or bronze. 

15. Outlet Size:  NPS 6 (DN 150). 

2.07 SPRINKLER SPECIALTY PIPE FITTINGS 

A. Branch Outlet Fittings: 

1. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to, the following: 

a. Anvil International, Inc. 

b. National Fittings, Inc. 

c. Shurjoint Piping Products. 

d. Tyco Fire & Building Products LP. 

e. Victaulic Company. 

2. Standard:  UL 213. 

3. Pressure Rating:  300 psig (2070 kPa). 

4. Body Material:  Ductile-iron housing with EPDM seals and bolts and nuts. 

5. Type:  Mechanical-T and -cross fittings. 

6. Configurations:  Snap-on and strapless, ductile-iron housing with branch outlets. 

7. Size:  Of dimension to fit onto sprinkler main and with outlet connections as 
required to match connected branch piping. 

8. Branch Outlets:  Grooved, plain-end pipe, or threaded. 

B. Flow Detection and Test Assemblies: 

1. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to, the following: 
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a. AGF Manufacturing Inc. 

b. Reliable Automatic Sprinkler Co., Inc. 

c. Tyco Fire & Building Products LP. 

d. Victaulic Company. 

2. Standard:  UL's "Fire Protection Equipment Directory" listing or "Approval Guide," 
published by FM Global, listing. 

3. Pressure Rating:  300 psig (2070 kPa). 

4. Body Material:  Cast- or ductile-iron housing with orifice, sight glass, and integral 
test valve. 

5. Size:  Same as connected piping. 

6. Inlet and Outlet:  Threaded. 

C. Branch Line Testers: 

1. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to, the following: 

a. Elkhart Brass Mfg. Company, Inc. 

b. Fire-End & Croker Corporation. 

c. Potter Roemer. 

2. Standard:  UL 199. 

3. Pressure Rating:  175 psig (1200 kPa). 

4. Body Material:  Brass. 

5. Size:  Same as connected piping. 

6. Inlet:  Threaded. 

7. Drain Outlet:  Threaded and capped. 

8. Branch Outlet:  Threaded, for sprinkler. 

D. Sprinkler Inspector's Test Fittings: 

1. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to, the following: 

a. AGF Manufacturing Inc. 
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b. Triple R Specialty. 

c. Tyco Fire & Building Products LP. 

d. Victaulic Company. 

e. Viking Corporation. 

2. Standard:  UL's "Fire Protection Equipment Directory" listing or "Approval Guide," 
published by FM Global, listing. 

3. Pressure Rating:  300 psig (2070 kPa). 

4. Body Material:  Cast- or ductile-iron housing with sight glass. 

5. Size:  Same as connected piping. 

6. Inlet and Outlet:  Threaded. 

E. Adjustable Drop Nipples: 

1. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to, the following: 

a. CECA, LLC. 

b. Corcoran Piping System Co. 

c. Merit Manufacturing; a division of Anvil International, Inc. 

2. Standard:  UL 1474. 

3. Pressure Rating:  250 psig (1725 kPa) minimum. 

4. Body Material:  Steel pipe with EPDM-rubber O-ring seals. 

5. Size:  Same as connected piping. 

6. Length:  Adjustable. 

7. Inlet and Outlet:  Threaded. 

2.08 SPRINKLERS 

A. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to, 
the following: 

1. AFAC Inc. 

2. Globe Fire Sprinkler Corporation. 

3. Reliable Automatic Sprinkler Co., Inc. 
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4. Tyco Fire & Building Products LP. 

5. Venus Fire Protection Ltd. 

6. Victaulic Company. 

7. Viking Corporation. 

B. General Requirements: 

1. Standard:  UL's "Fire Protection Equipment Directory" listing or "Approval Guide," 
published by FM Global, listing. 

2. Pressure Rating for Residential Sprinklers:  175 psig (1200 kPa) maximum. 

3. Pressure Rating for Automatic Sprinklers:  175 psig (1200 kPa) minimum. 

4. Pressure Rating for High-Pressure Automatic Sprinklers:  250 psig (1725 kPa) 
minimum. 

C. Automatic Sprinklers with Heat-Responsive Element: 

1. Nonresidential Applications:  UL 199. 

2. Characteristics:  Nominal 1/2-inch (12.7-mm) orifice with Discharge Coefficient K 
of 5.6, and for "Ordinary" temperature classification rating unless otherwise 
indicated or required by application. 

D. Open Sprinklers with Heat-Responsive Element Removed:  UL 199. 

1. Characteristics: 

a. Nominal 17/32-inch (13.5-mm) Orifice:  With Discharge Coefficient K 
between 7.4 and 8.2. 

E. Sprinkler Finishes: 

1. Chrome plated. 

2. Bronze. 

3. Painted. 

F. Special Coatings: 

1. Wax. 

2. Lead. 

3. Corrosion-resistant paint. 

G. Sprinkler Escutcheons:  Materials, types, and finishes for the following sprinkler mounting 
applications.  Escutcheons for concealed, flush, and recessed-type sprinklers are specified 
with sprinklers. 
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1. Ceiling Mounting:  Plastic, white finish, one piece, flat. 

2. Sidewall Mounting:  Plastic, white finish, one piece, flat. 

H. Sprinkler Guards: 

1. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to, the following: 

a. Reliable Automatic Sprinkler Co., Inc. 

b. Tyco Fire & Building Products LP. 

c. Victaulic Company. 

d. Viking Corporation. 

2. Standard:  UL 199. 

3. Type:  Wire cage with fastening device for attaching to sprinkler. 

2.09 ALARM DEVICES 

A. Alarm-device types shall match piping and equipment connections. 

B. Water-Motor-Operated Alarm: 

1. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to, the following: 

a. Globe Fire Sprinkler Corporation. 

b. Tyco Fire & Building Products LP. 

c. Victaulic Company. 

d. Viking Corporation. 

2. Standard:  UL 753. 

3. Type:  Mechanically operated, with Pelton wheel. 

4. Alarm Gong:  Cast aluminum with red-enamel factory finish. 

5. Size:  10-inch (250-mm) diameter. 

6. Components:  Shaft length, bearings, and sleeve to suit wall construction. 

7. Inlet:  NPS 3/4 (DN 20). 

8. Outlet:  NPS 1 (DN 25) drain connection. 
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C. Electrically Operated Alarm Bell: 

1. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to, the following: 

a. Fire-Lite Alarms, Inc.; a Honeywell company. 

b. Notifier; a Honeywell company. 

c. Potter Electric Signal Company. 

2. Standard:  UL 464. 

3. Type:  Vibrating, metal alarm bell. 

4. Size:  6-inch (150-mm) minimum- diameter. 

5. Finish:  Red-enamel factory finish, suitable for outdoor use. 

D. Water-Flow Indicators: 

1. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to, the following: 

a. ADT Security Services, Inc. 

b. McDonnell & Miller; ITT Industries. 

c. Potter Electric Signal Company. 

d. System Sensor; a Honeywell company. 

e. Viking Corporation. 

f. Watts Industries (Canada) Inc. 

2. Standard:  UL 346. 

3. Water-Flow Detector:  Electrically supervised. 

4. Components:  Two single-pole, double-throw circuit switches for isolated alarm 
and auxiliary contacts, 7 A, 125-V ac and 0.25 A, 24-V dc; complete with factory-
set, field-adjustable retard element to prevent false signals and tamperproof 
cover that sends signal if removed. 

5. Type:  Paddle operated. 

6. Pressure Rating:  250 psig (1725 kPa). 

7. Design Installation:  Horizontal or vertical. 

E. Pressure Switches: 
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1. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to, the following: 

a. AFAC Inc. 

b. Barksdale, Inc. 

c. Detroit Switch, Inc. 

d. Potter Electric Signal Company. 

e. System Sensor; a Honeywell company. 

f. Tyco Fire & Building Products LP. 

g. United Electric Controls Co. 

h. Viking Corporation. 

2. Standard:  UL 346. 

3. Type:  Electrically supervised water-flow switch with retard feature. 

4. Components:  Single-pole, double-throw switch with normally closed contacts. 

5. Design Operation:  Rising pressure signals water flow. 

F. Valve Supervisory Switches: 

1. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to, the following: 

a. Fire-Lite Alarms, Inc.; a Honeywell company. 

b. Kennedy Valve; a division of McWane, Inc. 

c. Potter Electric Signal Company. 

d. System Sensor; a Honeywell company. 

2. Standard:  UL 346. 

3. Type:  Electrically supervised. 

4. Components:  Single-pole, double-throw switch with normally closed contacts. 

5. Design:  Signals that controlled valve is in other than fully open position. 

G. Indicator-Post Supervisory Switches: 

1. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to, the following: 
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a. Potter Electric Signal Company. 

b. System Sensor; a Honeywell company. 

2. Standard:  UL 346. 

3. Type:  Electrically supervised. 

4. Components:  Single-pole, double-throw switch with normally closed contacts. 

5. Design:  Signals that controlled indicator-post valve is in other than fully open 
position. 

2.10 MANUAL CONTROL STATIONS 

A. Description:  UL listed or FM approved, hydraulic operation, with union, NPS 1/2 (DN 15) 
pipe nipple, and bronze ball valve.  Include metal enclosure labeled "MANUAL 
CONTROL STATION" with operating instructions and cover held closed by breakable 
strut to prevent accidental opening. 

2.11 CONTROL PANELS 

A. Description:  Single-area, two-area, or single-area cross-zoned control panel as 
indicated, including NEMA ICS 6, Type 1 enclosure, detector, alarm, and solenoid-valve 
circuitry for operation of deluge valves.  Panels contain power supply; battery charger; 
standby batteries; field-wiring terminal strip; electrically supervised solenoid valves and 
polarized fire-alarm bell; lamp test facility; single-pole, double-throw auxiliary alarm 
contacts; and rectifier. 

1. Panels:  UL listed and FM approved when used with thermal detectors and 
Class A detector circuit wiring.  Electrical characteristics are 120-V ac, 60 Hz, 
with 24-V dc rechargeable batteries. 

2. Manual Control Stations:  Electric operation, metal enclosure, labeled "MANUAL 
CONTROL STATION" with operating instructions and cover held closed by 
breakable strut to prevent accidental opening. 

3. Manual Control Stations:  Hydraulic operation, with union, NPS 1/2 (DN 15) pipe 
nipple, and bronze ball valve.  Include metal enclosure labeled "MANUAL 
CONTROL STATION" with operating instructions and cover held closed by 
breakable strut to prevent accidental opening. 

2.12 PRESSURE GAGES 

A. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to, 
the following: 

1. AMETEK; U.S. Gauge Division. 

2. Ashcroft, Inc. 

3. Brecco Corporation. 
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4. WIKA Instrument Corporation. 

B. Standard:  UL 393. 

C. Dial Size:  3-1/2- to 4-1/2-inch (90- to 115-mm) diameter. 

D. Pressure Gage Range:  0 to 250 psig (0 to 1725 kPa) minimum. 

E. Water System Piping Gage:  Include "WATER" or "AIR/WATER" label on dial face. 

F. Air System Piping Gage:  Include retard feature and "AIR" or "AIR/WATER" label on dial 
face. 

PART 3 -- EXECUTION 

3.01 PREPARATION 

A. Perform fire-hydrant flow test according to NFPA 13 and NFPA 291.  Use results for 
system design calculations required in "Quality Assurance" Article. 

B. Report test results promptly and in writing. 

3.02 SERVICE-ENTRANCE PIPING 

A. Connect sprinkler piping to water-service piping for service entrance to building.  Comply 
with requirements for exterior piping in Division 15 Section 15390 "Schedules." 

B. Install shutoff valve, pressure gage, drain, and other accessories indicated at connection 
to water-service piping.  Comply with requirements for backflow preventers in Division 15 
Section 15400 "Plumbing." 

C. Install shutoff valve, check valve, pressure gage, and drain at connection to water 
service. 

3.03 WATER-SUPPLY CONNECTIONS 

A. Connect sprinkler piping to building's interior water-distribution piping.  Comply with 
requirements for interior piping in Division 15 Section 15400 "Plumbing." 

B. Install shutoff valve, pressure gage, drain, and other accessories indicated at connection 
to water-distribution piping. 

C. Install shutoff valve, check valve, pressure gage, and drain at connection to water 
supply. 

3.04 PIPING INSTALLATION 

A. Locations and Arrangements:  Drawing plans, schematics, and diagrams indicate general 
location and arrangement of piping.  Install piping as indicated, as far as practical. 

1. Deviations from approved working plans for piping require written approval from 
authorities having jurisdiction.  File written approval with Architect before 
deviating from approved working plans. 
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B. Piping Standard:  Comply with requirements for installation of sprinkler piping in NFPA 13. 

C. Install seismic restraints on piping.  Comply with requirements for seismic-restraint 
device materials and installation in NFPA 13. 

D. Use listed fittings to make changes in direction, branch takeoffs from mains, and 
reductions in pipe sizes. 

E. Install unions adjacent to each valve in pipes NPS 2 (DN 50) and smaller. 

F. Install flanges, flange adapters, or couplings for grooved-end piping on valves, 
apparatus, and equipment having NPS 2-1/2 (DN 65) and larger end connections. 

G. Install "Inspector's Test Connections" in sprinkler system piping, complete with shutoff 
valve, and sized and located according to NFPA 13. 

H. Install sprinkler piping with drains for complete system drainage. 

I. Install sprinkler control valves, test assemblies, and drain risers adjacent to standpipes 
when sprinkler piping is connected to standpipes. 

J. Install automatic (ball drip) drain valve at each check valve for fire-department 
connection, to drain piping between fire-department connection and check valve.  Install 
drain piping to and spill over floor drain or to outside building. 

K. Install alarm devices in piping systems. 

L. Install hangers and supports for sprinkler system piping according to NFPA 13.  Comply 
with requirements for hanger materials in NFPA 13. 

M. Install pressure gages on riser or feed main, at each sprinkler test connection, and at top 
of each standpipe.  Include pressure gages with connection not less than NPS 1/4 
(DN 8) and with soft metal seated globe valve, arranged for draining pipe between gage 
and valve.  Install gages to permit removal, and install where they will not be subject to 
freezing. 

N. Pressurize and check preaction sprinkler system piping and air compressors. 

O. Fill sprinkler system piping with water. 

P. Install electric heating cables and pipe insulation on sprinkler piping in areas subject to 
freezing.  Comply with requirements for heating cables in Division 15 Section "Heat 
Tracing for Fire-Suppression Piping" and for piping insulation in Division 15 Section 
"Fire-Suppression Systems Insulation." 

Q. Install sleeves for piping penetrations of walls, ceilings, and floors.  Comply with 
requirements for sleeves shown in Standard Details and Arch Plans A3. 

R. Install sleeve seals for piping penetrations of concrete walls and slabs.  Comply with 
requirements shown in Standard Details and Arch Plans A3. 

S. Install escutcheons for piping penetrations of walls, ceilings, and floors.  Comply with 
requirements for escutcheons shown in Standard Details and Arch Plans A3. 
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3.05 JOINT CONSTRUCTION 

A. Install couplings, flanges, flanged fittings, unions, nipples, and transition and special 
fittings that have finish and pressure ratings same as or higher than system's pressure 
rating for aboveground applications unless otherwise indicated. 

B. Install unions adjacent to each valve in pipes NPS 2 (DN 50) and smaller. 

C. Install flanges, flange adapters, or couplings for grooved-end piping on valves, 
apparatus, and equipment having NPS 2-1/2 (DN 65) and larger end connections. 

D. Ream ends of pipes and tubes and remove burrs.  Bevel plain ends of steel pipe. 

E. Remove scale, slag, dirt, and debris from inside and outside of pipes, tubes, and fittings 
before assembly. 

F. Flanged Joints:  Select appropriate gasket material in size, type, and thickness suitable 
for water service.  Join flanges with gasket and bolts according to ASME B31.9. 

G. Threaded Joints:  Thread pipe with tapered pipe threads according to ASME B1.20.1.  
Cut threads full and clean using sharp dies.  Ream threaded pipe ends to remove burrs 
and restore full ID.  Join pipe fittings and valves as follows: 

1. Apply appropriate tape or thread compound to external pipe threads. 

2. Damaged Threads:  Do not use pipe or pipe fittings with threads that are 
corroded or damaged. 

H. Twist-Locked Joints:  Insert plain end of steel pipe into plain-end-pipe fitting.  Rotate 
retainer lugs one-quarter turn or tighten retainer pin. 

I. Steel-Piping, Pressure-Sealed Joints:  Join lightwall steel pipe and steel pressure-seal 
fittings with tools recommended by fitting manufacturer. 

J. Welded Joints:  Construct joints according to AWS D10.12M/D10.12, using qualified 
processes and welding operators according to "Quality Assurance" Article. 

1. Shop weld pipe joints where welded piping is indicated.  Do not use welded joints 
for galvanized-steel pipe. 

K. Steel-Piping, Cut-Grooved Joints:  Cut square-edge groove in end of pipe according to 
AWWA C606.  Assemble coupling with housing, gasket, lubricant, and bolts.  Join steel 
pipe and grooved-end fittings according to AWWA C606 for steel-pipe joints. 

L. Steel-Piping, Roll-Grooved Joints:  Roll rounded-edge groove in end of pipe according to 
AWWA C606.  Assemble coupling with housing, gasket, lubricant, and bolts.  Join steel 
pipe and grooved-end fittings according to AWWA C606 for steel-pipe grooved joints. 

M. Steel-Piping, Pressure-Sealed Joints:  Join Schedule 5 steel pipe and steel pressure-
seal fittings with tools recommended by fitting manufacturer. 

N. Brazed Joints:  Join copper tube and fittings according to CDA's "Copper Tube 
Handbook," "Brazed Joints" Chapter. 
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O. Copper-Tubing Grooved Joints:  Roll rounded-edge groove in end of tube according to 
AWWA C606.  Assemble coupling with housing, gasket, lubricant, and bolts.  Join 
copper tube and grooved-end fittings according to AWWA C606 for steel-pipe grooved 
joints. 

P. Copper-Tubing, Pressure-Sealed Joints:  Join copper tube and copper pressure-seal 
fittings with tools recommended by fitting manufacturer. 

Q. Extruded-Tee Connections:  Form tee in copper tube according to ASTM F 2014.  Use 
tool designed for copper tube; drill pilot hole, form collar for outlet, dimple tube to form 
seating stop, and braze branch tube into collar. 

R. Dissimilar-Material Piping Joints:  Make joints using adapters compatible with materials 
of both piping systems. 

S. Plastic-Piping, Solvent-Cement Joints:  Clean and dry joining surfaces.  Join pipe and 
fittings according to the following: 

1. Comply with ASTM F 402 for safe-handling practice of cleaners, primers, and 
solvent cements.  Apply primer. 

2. CPVC Piping:  Join according to ASTM D 2846/D 2846M Appendix. 

 

3.06 VALVE AND SPECIALTIES INSTALLATION 

A. Install listed fire-protection valves, trim and drain valves, specialty valves and trim, 
controls, and specialties according to NFPA 13 and authorities having jurisdiction. 

B. Install listed fire-protection shutoff valves supervised open, located to control sources of 
water supply except from fire-department connections.  Install permanent identification 
signs indicating portion of system controlled by each valve. 

C. Install check valve in each water-supply connection.  Install backflow preventers instead 
of check valves in potable-water-supply sources. 

D. Specialty Valves: 

1. General Requirements:  Install in vertical position for proper direction of flow, in 
main supply to system. 

2. Alarm Valves:  Include bypass check valve and retarding chamber drain-line 
connection. 

3. Deluge Valves:  Install in vertical position, in proper direction of flow, and in main 
supply to deluge system.  Install trim sets for drain, priming level, alarm 
connections, ball drip valves, pressure gages, priming chamber attachment, and 
fill-line attachment. 

3.07 SPRINKLER INSTALLATION 

A. Install sprinklers in suspended ceilings in center of acoustical ceiling panels. 
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B. Install dry-type sprinklers with water supply from heated space.  Do not install pendent or 
sidewall, wet-type sprinklers in areas subject to freezing. 

C. Install sprinklers into flexible, sprinkler hose fittings and install hose into bracket on 
ceiling grid. 

3.08 FIRE-DEPARTMENT CONNECTION INSTALLATION 

A. Install wall-type, fire-department connections. 

B. Install automatic (ball drip) drain valve at each check valve for fire-department connection. 

3.09 IDENTIFICATION 

A. Install labeling and pipe markers on equipment and piping according to requirements in 
NFPA 13. 

B. Identify system components, wiring, cabling, and terminals.  Comply with requirements 
for identification specified in Division 16. 

3.10 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Tests and Inspections: 

1. Leak Test:  After installation, charge systems and test for leaks.  Repair leaks 
and retest until no leaks exist. 

2. Test and adjust controls and safeties.  Replace damaged and malfunctioning 
controls and equipment. 

3. Flush, test, and inspect sprinkler systems according to NFPA 13, "Systems 
Acceptance" Chapter. 

4. Energize circuits to electrical equipment and devices. 

5. Coordinate with fire-alarm tests.  Operate as required. 

6. Coordinate with fire-pump tests.  Operate as required. 

7. Verify that equipment hose threads are same as local fire-department equipment. 

C. Sprinkler piping system will be considered defective if it does not pass tests and inspections. 

D. Prepare test and inspection reports. 

3.11 CLEANING 

A. Clean dirt and debris from sprinklers. 

B. Remove and replace sprinklers with paint other than factory finish. 

3.12 DEMONSTRATION 
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A. Engage a factory-authorized service representative to train Owner's maintenance personnel 
to adjust, operate, and maintain specialty valves and pressure-maintenance pumps. 

3.13 PIPING SCHEDULE 

A. Piping between Fire-Department Connections and Check Valves:  Galvanized, standard-
weight steel pipe with grooved ends; grooved-end fittings; grooved-end-pipe couplings; 
and grooved joints.   

B. Sprinkler specialty fittings may be used, downstream of control valves, instead of specified 
fittings. 

C. Standard-pressure, wet-pipe sprinkler system, NPS 2 (DN 50) and smaller, shall be one 
of the following:  

1. Standard-weight or Schedule 30, black-steel pipe with threaded ends; uncoated, 
gray-iron threaded fittings; and threaded joints. 

2. Standard-weight or Schedule 30, galvanized-steel pipe with threaded ends; 
galvanized, gray-iron threaded fittings; and threaded joints. 

3. Standard-weight or Schedule 30, black-steel pipe with cut- or roll-grooved ends; 
uncoated, grooved-end fittings for steel piping; grooved-end-pipe couplings for 
steel piping; and grooved joints. 

4. Standard-weight or Schedule 30, galvanized-steel pipe with cut-grooved ends; 
galvanized, grooved-end fittings for steel piping; grooved-end-pipe couplings for 
steel piping; and grooved joints. 

D. Standard-pressure, wet-pipe sprinkler system, NPS 2-1/2 to NPS 4 (DN 65 to DN 100), 
shall be one of the following:  

1. Standard-weight or Schedule 30, black-steel pipe with cut- or roll-grooved ends; 
uncoated, grooved-end fittings for steel piping; grooved-end-pipe couplings for 
steel piping; and grooved joints. 

2. Standard-weight or Schedule 30, galvanized-steel pipe with cut-grooved ends; 
galvanized, grooved-end fittings for steel piping; grooved-end-pipe couplings for 
steel piping; and grooved joints. 

E. Standard-pressure, wet-pipe sprinkler system, NPS 5 (DN 125) and larger, shall be one 
of the following:  

1. Standard-weight or Schedule 30, black-steel pipe with cut- or roll-grooved ends; 
uncoated, grooved-end fittings for steel piping; grooved-end-pipe couplings for 
steel piping; and grooved joints. 

2. Standard-weight or Schedule 30, galvanized-steel pipe with cut-grooved ends; 
galvanized, grooved-end fittings for steel piping; grooved-end-pipe couplings for 
steel piping; and grooved joints. 

3.14 SPRINKLER SCHEDULE 
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A. Use sprinkler types in subparagraphs below for the following applications: 

1. Rooms without Ceilings:  Upright sprinklers. 

2. Rooms with Suspended Ceilings:  Pendent, recessed, flush, and concealed sprinklers 
as indicated. 

3. Wall Mounting:  Sidewall sprinklers. 

4. Spaces Subject to Freezing:  Upright, pendent, dry sprinklers; and sidewall, dry 
sprinklers as indicated. 

5. Deluge-Sprinkler Systems:  Upright and pendent, open sprinklers. 

B. Provide sprinkler types in subparagraphs below with finishes indicated. 

1. Concealed Sprinklers:  Rough brass, with factory-painted white cover plate. 

2. Flush Sprinklers:  Bright chrome, with painted white escutcheon. 

3. Recessed Sprinklers:  Bright chrome, with bright chrome escutcheon. 

4. Upright, Pendent and Sidewall Sprinklers:  Chrome plated in finished spaces 
exposed to view; rough bronze in unfinished spaces not exposed to view; wax 
coated where exposed to acids, chemicals, or other corrosive fumes. 

END OF SECTION  
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SECTION 15390 
 

SCHEDULES 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. Reference Section 15000, Basic Mechanical Requirements. 
 
1.02 PIPING SYSTEM SCHEDULES 
 

A. Piping requirements for this Section are outlined on the Drawings, and in the Piping 
System Schedule.  In the absence of a specified test pressure, pipe shall be tested at a 
pressure 50 percent greater than the normal operating pressure as determined by the 
Engineer or 10 psig, whichever is greater unless the Schedule indicates that no test is 
required.  

 
B. If the pipe material is not shown on the Piping System Schedule or otherwise specified, 

the following materials shall be used: 
 

Pipe Size Material Type of Joint Class/Design Test Pressure 

4-in and larger DIP 
Flanged (Exposed) Class 53 

(1) 
Restrained (Buried) Class 51 

Less than 4-in PVC Solvent Weld Sch 80 (1) 

 
(1) Test at 150 percent of normal operating pressure or 10 psi, whichever is greater. 

 
C. Non-critical gravity lines such as drains, floor drains, roof drains, etc., do not typically 

require a pressure test  
 

D. All pressure piping shall be restrained at all joints unless indicated otherwise. 
 

E. Provide heat tracing and insulation on exposed exterior piping as indicated on the 
Drawings or in the Piping System Schedule. 
 
 

1.03 VALVE SCHEDULES 
 

A. All valves shall be tagged by the manufacturer according to the control valve designations 
listed in the Schedule. 

 
B. Valves not listed in the valve schedule(s) shall be manually operated, unless otherwise 

shown on the Drawings. 
 

3
2

4
1

4
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0
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1.04 SCHEDULES 
 
A. Service Designations  

 
DESIGNATION SERVICE  DESIGNATION SERVICE  

BAS Backwash Air Supply MWS Monitoring Well Sample 

BE Biofilter Effluent NHCL Preformed Chloramines 

BI Biofilter Influent NPW  Non Potable Water  

BISULF Sodium Bisulfite OD Ozone Destruct 

BWS  Backwash Supply  OF  Process Overflow  

BWW Backwash Waste  OFF Off Spec Water 

CAUSTIC  Caustic  OSW Ozonated Settled Water 

COAG  Coagulant OZONE Gaseous Ozone 

CP Casing Pipe PD  Process Drain  

CW Cold Water PHOS A Phosphoric Acid 

FD  Floor Drain PILOT  Pilot Feed 

FIRE  Fire Protection PILOT D Pilot Drain 

CWS / CWR Cooling Water Supply / Return PW  Potable Water  

D Plumbing Drain RD Roof Drain  

FLAP Floc Aid Polymer SAMP  Sample  

FTAP Filter Aid Polymer SCE  Secondary Clarifier Effluent 

FTW  Filter To Waste  SD  Storm Drain 

FW Finished Water  SES  Settled Solids  

GE  GAC Effluent SFW Softened Water 

GOX Gaseous Oxygen SPD Sump Pump Discharge 

GTW GAC Filter to Waste SS Sanitary Sewer 

GWS GAC Backwash Supply STW  Settled Water  

GWW GAC Backwash Waste TW Tempered Water 

HW Hot Water Supply UV UV Effluent 

HYPO  Sodium Hypochlorite UW Utility Water 

INF Influent V Vent  

LAS Liquid Ammonium Sulfate WB  Well Backflush  

LOX Liquid Oxygen   

 
B. Material Abbreviations  

 
MATERIAL  ABBREVIATION MATERIAL  ABBREVIATION 

Acrylonitrile Butadiene Styrene ABS High Density Polyethylene HDPE 

Copper C Polypropylene PP  

Cast Iron CI Polyvinyl Chloride  PVC 

Corrugated Metal Pipe CMP  Polyvinylidene Fluoride PVDF 

Chlorinated Polyvinyl Chloride  CPVC  Reinforced Concrete Pipe  RCP  

Carbon Steel  CS  Stainless Steel  SS 

Ductile Iron DIP   
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C. Joint Abbreviations 

 
JOINT TYPE  ABBREVIATION JOINT TYPE ABBREVIATION 

Butt Fusion Weld  BFW Push-On Joint PO  

Bell and Spigot BS  Restrained Mechanical Joint  RMJ  

Butt Weld  BW Restrained Push-On Joint RPO 

Compression Fitting CF Soldered  S 

Flange  FLG  Solvent Weld SW 

Grooved Coupling GC Threaded  T 

Mechanical Coupling MC Socket Weld W 

Mechanical Joint  MJ    

 
D. Test Abbreviations 

 
TEST  TYPE  ABBREVIATION TEST TYPE ABBREVIATION 

Exfiltration  EX Low Pressure Air (press in PSI) AIR (   ) 

Hydrostatic (press in PSI)   HYD (  )  Examination of Welds  EW 

Dry Nitrogen Gas (press in PSI) DN (   )   

 
 

E. Exposed Piping System Schedule  
 

EXPOSED PIPING SYSTEM SCHEDULE 

SERVICE MATERIAL 
CLASS/ 

DESIGN THICKNESS 
JOINT TYPE 

TEST/ 
PRESSURE 

BAS CS SEE SECTION 15012 BW/FLG/MC3 AIR (15) 

BE  
CS (PROC. AREA) SEE SECTION 15012 BW/FLG/MC3 HYD (10)1 

HYD (100)2 DIP (GAC FEED PS) CLASS 53 FLG 

BI CS SEE SECTION 15012 BW/FLG/MC3 HYD (10) 

BISULF 

PVC SCH 80 SW 

HYD (75) PVC HOSE IN 
CASING PIPE 

SEE SECTION 15008 CF 

BWS  
CS (PROC. AREA) SEE SECTION 15012 BW/FLG/MC3 

HYD (75) 
DIP (GAC FEED PS) CLASS 53 FLG 

BWW CS SEE SECTION 15012 BW/FLG/MC3 HYD (15) 

CP PVC SCH 40 SW N/A 

CAUSTIC 

PVC/CPVC4 SCH 80 SW 

HYD (75) PVC HOSE IN 
CASING  

SEE SECTION 15008 CF 

COAG 

PVC SCH 80 SW 

HYD (75) PVC HOSE IN 
CASING  

SEE SECTION 15008 CF 

PW, CW C SEE SECTION 15400  S HYD (100) 

CWS / CWR CS SEE SECTION 15012 BW/FLG/MC3 HYD (100) 

D PVC SEE SECTION 15400 SEE 15400 HYD (15) 
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EXPOSED PIPING SYSTEM SCHEDULE 

SERVICE MATERIAL 
CLASS/ 

DESIGN THICKNESS 
JOINT TYPE 

TEST/ 
PRESSURE 

FD  PVC SEE SECTION 15400 SEE 15400 HYD (15) 

FIRE  CS SEE SECTION 15300 T/GC PER NFPA 13 

FLAP 

PVC SCH 80 SW 

HYD (75) PVC HOSE IN 
CASING  

SEE SECTION 15008 CF 

FTAP 

PVC SCH 80 SW 

HYD (75) PVC HOSE IN 
CASING  

SEE SECTION 15008 CF 

FTW  CS SEE SECTION 15012 BW/FLG/MC3 HYD (10) 

FW DIP CLASS 53 FLG HYD (50) 

GE CS SEE SECTION 15012 BW/FLG/MC3 HYD (50) 

GOX 316L SS SCH 10S W/FLG DN (150) 

GTW CS SEE SECTION 15012 BW/FLG/MC3 HYD (10) 

HYPO 

PVC SCH 80 SW 

HYD (75) PVC HOSE IN 
CASING  

SEE SECTION 15008 CF 

HW C TYPE “L” S HYD (100) 

INF 
CS (PROC. AREA) SEE SECTION 15012 BW/FLG/MC3 

HYD (25) 
DIP (INF. PS) CLASS 53 FLG 

LAS 

PVC SCH 80 SW 

HYD (75) PVC HOSE IN 
CASING  

SEE SECTION 15008 CF 

LOX 316L SS SCH 10S W/FLG DN(150) 

MWS PVC SCH 80 SW HYD (75) 

NHCL 

PVC/CPVC4 SCH 80 SW 

HYD (100) PVC HOSE IN 
CASING  

SEE SECTION 15008 CF 

NPW 
< 4” PVC SCH 80 SW 

HYD (100) 
 ≥ 4” DIP CLASS 53 FLG 

OD 316L SS SEE SECTION 15012 BW/FLG/MC3 AIR (10) 

OF  CS SEE SECTION 15012 BW/FLG/MC3 HYD (10) 

OFF 
CS (PROC. AREA) SEE SECTION 15012 BW/FLG/MC3 HYD (10) 

DIP (YARD AREA) CLASS 53 FLG HYD (10) 

OSW  316L SS SEE SECTION 15012 BW/FLG/MC3 HYD (50) 

OZONE 316L SS SCH 10S BW/FLG AIR (150) 

PD  
CS (PROC. AREA) SEE SECTION 15102 BW/FLG/MC3 

HYD (10) 
DIP (GAC FEED PS) CLASS 53 FLG 

PILOT PVC SCH 80 SW HYD (10) 

PHOS A 

PVC/CPVC4 SCH 80 SW 

HYD (75) PVC HOSE IN 
CASING  

SEE SECTION 15008 CF 

PW 
< 4” C SEE SECTION 15400  S 

HYD (100) 
≥ 4” DIP CLASS 53 FLG 
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EXPOSED PIPING SYSTEM SCHEDULE 

SERVICE MATERIAL 
CLASS/ 

DESIGN THICKNESS 
JOINT TYPE 

TEST/ 
PRESSURE 

RD PVC SCH 80 SW EX 

SAMP PVC SCH 80 SW HYD (50) 

SES  PVC SCH 80 SW/FLG HYD (10) 

SFW PVC SCH 80 SW/FLG HYD (100) 

SPD PVC SCH 80 SW/FLG HYD (10) 

SS PVC SEE SECTION 15400 SEE 15400 HYD (15) 

STW  CS SEE SECTION 15012 BW/FLG/MC3 HYD (10) 

TW C SEE SECTION 15400 SEE 15400 HYD (100) 

UV CS SEE SECTION 15102 BW/FLG/MC3 HYD (50) 

UW 
< 4” PVC SCH 80 SW 

HYD (100) 
≥ 4” DIP CLASS 53 FLG 

V 
PVC (PROCESS) SCH 80 SW 

N/A 
PVC (PLUMBING) SEE SECTION 15400 SEE 15400 

WB  DIP CLASS 53 FLG HYD (50) 

(1) – BE BETWEEN THE BIOFILTERS AND GAC PS 

(2) – BE BETWEEN THE GAC PS AND THE GAC CONTACTORS 

(3) – SEE SECTIONS 15000 (CS) and 15012 (SS) FOR DETAILS ON MECHANICAL COUPLINGS 

(4) – PVC EXCEPT WHERE NOTED AS CPVC ON DRAWINGS 

 

 
F. Buried Piping System Schedule  

 

BURIED PIPING SYSTEM SCHEDULE 

SERVICE MATERIAL 
CLASS/ 

DESIGN THICKNESS 
JOINT TYPE  

TEST/ 
PRESSURE 

BE DIP CLASS 51 RMJ/RPO 
HYD (10)1 

HYD (100)2 

BWS  DIP CLASS 51 RMJ/RPO HYD (75) 

CP PVC SCH 40 SW N/A 

FD CI SEE SECTION 15400 SEE 15400 HYD (10) 

FW DIP CLASS 51 RMJ/RPO HYD (50)  

GOX 316L SS (3) SCH 10S BW DN (150) 

HYPO 
PVC HOSE IN 

CASING  
SEE SECTION 15008 CF HYD (75) 

INF DIP CLASS 51 RMJ/RPO HYD (25) 

MWS PVC SCH 80 SW HYD (75) 

NPW 
< 4” PVC SCH 80 SW 

HYD (100) 
≥ 4” DIP CLASS 51 RMJ/RPO 

PD DIP CLASS 51 RMJ/RPO HYD (10) 

PILOT PVC SCH 80 SW HYD (10) 

PW 
< 4” C SEE SECTION 15400 S 

HYD (100) 
≥ 4” DIP CLASS 51 RMJ/RPO 

RD PVC SCH 80 SW EX 
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BURIED PIPING SYSTEM SCHEDULE 

SERVICE MATERIAL 
CLASS/ 

DESIGN THICKNESS 
JOINT TYPE  

TEST/ 
PRESSURE 

SAMP 
PVC HOSE IN 

CASING 
SEE SECTION 15008 CF HYD (50) 

SS 
PVC (YARD) SDR 26 PO EX 

CI (UNDER SLAB) SEE SECTION 15400 SEE 15400 HYD (15) 

SCE DIP CLASS 51 RMJ/RPO HYD (10) 

SD RCP CLASS III PO EX 

UW 
< 4” PVC SCH 80 SW 

HYD (100) 
≥ 4” DIP CLASS 51 RMJ/RPO 

WB,OFF  DIP CLASS 51 RMJ/RPO HYD (50) 

(1) – BE BETWEEN THE BIOFILTERS AND GAC PS 

(2) – BE BETWEEN THE GAC PS AND THE GAC CONTACTORS 

(3) – PROVIDE POLYETHYLENE WRAP  
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G. Electrically Operated Valve Schedule  
 

ELECTRICALLY OPERATED VALVE SCHEDULE 

TAG 
NO. 

VALVE TYPE 
OPERATOR 

TYPE 

SIZE 

(in) 
FLOW 

MAX 
DIFFERENTIAL 

PRESSURE 

(psi) 

CLASS SERVICE LOCATION 

MOV – 0101 BFV Modulating 8 0.61 MGD 30 150 INF Rapid Mix- Process Train 1 

MOV – 0121 BFV Modulating 8 0.61 MGD 30 150 INF Rapid Mix- Process Train 2 

MOV – 0111 Ball Open/Close 2 130 gpm 10 150 SES 
Sed Basin- Process Train 1 – 

SES to Drain PS 

MOV – 0131 Ball Open/Close 2 130 gpm 10 150 SES 
Sed Basin- Process Train 2 – 

SES to Drain PS 

MOV – 0109 BFV Open/Close 10 1.22 MGD 10 150 STW Settled Water Process Train 1 

MOV – 0129 BFV Open/Close 10 1.22 MGD 10 150 STW Settled Water Process Train 2 

MOV – 0110 BFV Open/Close 8 1.22 MGD 10 150 PD 
Settled Water Process Train 1 

(Off Spec) 

MOV – 0130 BFV Open/Close 8 1.22 MGD 10 150 PD 
Settled Water Process Train 2 

(Off Spec) 

MOV – 0121 BFV Open/Close 8 0.4 MGD 10 150 BI Biofilter 1 Influent 

MOV – 0131 BFV Open/Close 8 0.4 MGD 10 150 BI Biofilter 2 Influent 

MOV – 0141 BFV Open/Close 8 0.4 MGD 10 150 BI Biofilter 3 Influent 

MOV – 0151 BFV Open/Close 8 0.4 MGD 10 150 BI Biofilter 4 Influent 

MOV – 0125 BFV Open/Close 4 284 scfm 10 150 BAS Biofilter 1 Air Scour 

MOV – 0135 BFV Open/Close 4 284 scfm 10 150 BAS Biofilter 2 Air Scour 

MOV – 0145 BFV Open/Close 4 284 scfm 10 150 BAS Biofilter 3 Air Scour 

MOV – 0155 BFV Open/Close 4 284 scfm 10 150 BAS Biofilter 4 Air Scour 

MOV – 0127 BFV Modulating 4 0.4 MGD 10 150 BE Biofilter 1 Effluent – Flow Control 

MOV – 0137 BFV Modulating 4 0.4 MGD 10 150 BE Biofilter 2 Effluent – Flow Control 
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ELECTRICALLY OPERATED VALVE SCHEDULE 

TAG 
NO. 

VALVE TYPE 
OPERATOR 

TYPE 

SIZE 

(in) 
FLOW 

MAX 
DIFFERENTIAL 

PRESSURE 

(psi) 

CLASS SERVICE LOCATION 

MOV – 0147 BFV Modulating 4 0.4 MGD 10 150 BE Biofilter 3 Effluent – Flow Control 

MOV – 0157 BFV Modulating 4 0.4 MGD 10 150 BE Biofilter 4 Effluent – Flow Control 

MOV – 0122 BFV Open/Close 6 0.4 MGD 10 150 BE Biofilter 1 Effluent 

MOV – 0132 BFV Open/Close 6 0.4 MGD 10 150 BE Biofilter 2 Effluent 

MOV – 0142 BFV Open/Close 6 0.4 MGD 10 150 BE Biofilter 3 Effluent 

 MOV – 0152 BFV Open/Close 6 0.4 MGD 10 150 BE Biofilter 4 Effluent 

MOV – 0123 BFV Open/Close 6 0.4 MGD 10 150 FTW Biofilter 1 FTW 

MOV – 0133 BFV Open/Close 6 0.4 MGD 10 150 FTW Biofilter 2 FTW 

MOV – 0143 BFV Open/Close 6 0.4 MGD 10 150 FTW Biofilter 3 FTW 

MOV – 0153 BFV Open/Close 6 0.4 MGD 10 150 FTW Biofilter 4 FTW 

MOV – 0124 BFV Open/Close 8 1800 gpm 60 150 BWS Backwash Supply Line 

MOV – 0134 BFV Open/Close 8 1800 gpm 60 150 BWS Backwash Supply Line 

MOV – 0144 BFV Open/Close 8 1800 gpm 60 150 BWS Backwash Supply Line 

MOV – 0154 BFV Open/Close 8 1800 gpm 60 150 BWS Backwash Supply Line 

MOV – 0126 BFV Open/Close 10 1800 gpm 10 150 BWW Backwash Waste Line 

MOV – 0136 BFV Open/Close 10 1800 gpm 10 150 BWW Backwash Waste Line 

MOV – 0146 BFV Open/Close 10 1800 gpm 10 150 BWW Backwash Waste Line 

MOV – 0156 BFV Open/Close 10 1800 gpm 10 150 BWW Backwash Waste Line 

MOV – 0130 V-Port Ball Modulating 2.5” 150 gpm 75 150 Drain Drain Pump Station 
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ELECTRICALLY OPERATED VALVE SCHEDULE 

TAG 
NO. 

VALVE TYPE 
OPERATOR 

TYPE 

SIZE 

(in) 
FLOW 

MAX 
DIFFERENTIAL 

PRESSURE 

(psi) 

CLASS SERVICE LOCATION 

MOV – 0202 BFV Modulating 8 1.0 MGD 75 150 BE GAC Contactor 1 – Influent 

MOV – 0212 BFV Modulating 8 1.0 MGD 75 150 BE GAC Contactor 2 – Influent  

MOV – 0110 BFV Open/Close  8 0.5 MGD 145 150 GE UV Reactor 1 – Influent 

MOV – 0120 BFV Open/Close 8 0.5 MGD 145 150 GE UV Reactor 2 – Influent 

MOV – 0111 BFV Modulating 8 0.5 MGD 145 150 FW UV Reactor 1 – Effluent 

MOV – 0121 BFV Modulating 8 0.5 MGD 145 150 FW UV Reactor 2 – Effluent  

MOV – 0241 BFV Open/Close 10 2.0 MGD 75 150 D 
Well Backflush to Holding 

Pond/CCT 

MOV – 0231 BFV Open/Close 10 2.0 MGD 75 150 D Well Backflush to Drain PS 

MOV – 0221 BFV Open/Close2 10 1.0 MGD 75 150 FW / WB 
Finished Water to Off Spec 

Isolation  

MOV – 0211 BFV Open/Close 8 1.0 MGD 75 150 FW 
Finished Water Well Backflush 

Check Valve Bypass 

MOV – 0321 BFV Open/Close1 8 1.0 MGD 75 150 FW 
Finished Water to Aquifer 

Recharge Isolation 

 
(1) PROVIDE FAIL CLOSE APPARATUS AS SPECIFIED IN SECTION 15100 
(2) PROVIDE FAIL OPEN APPARATUS AS SPECIFIED IN SECTION 15100 
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H. Manually Operated Valve with Limit Switches Schedule  
 

MANUALLY OPERATED VALVE WITH LIMIT SWITCHES SCHEDULE 

TAG 
NO. 

VALVE TYPE 
OPERATOR 

TYPE 

SIZE 

(in) 
FLOW 

MAX 
DIFFERENTIAL 

PRESSURE 

(psi) 

CLASS SERVICE LOCATION 

VLV – 0101 BFV Handwheel 10 950 gpm 10 150 SCE Influent Pump 1 Suction line 

VLV – 0102 BFV Handwheel 10 950 gpm 10 
150 

SCE Influent Pump 2 Suction line 

VLV – 0203 BFV Handwheel 8 700 gpm 75 
150 

GE GAC 1 Effluent 

VLV – 0213 BFV Handwheel 8 700 gpm 75 
150 

GE GAC 2 Effluent 

VLV – 0204 BFV Handwheel 8 700 gpm 75 
150 GE  

(Series/Parallel Valve) 
GAC Manifold 

VLV – 0214 BFV Handwheel 8 700 gpm 75 
150 GE  

(Series/Parallel Valve) 
GAC Manifold 

VLV – 0205 BFV Handwheel 8 1600 gpm 75 
150 

GWS  GAC Backwash Supply Line 

VLV – 0215 BFV Handwheel 8 1600 gpm 75 
150 

GWS GAC Backwash Supply Line 

VLV – 0206 BFV Handwheel 8 1600 gpm 75 
150 

GWW GAC Backwash Waste Line 

VLV – 0216 BFV Handwheel 8 1600 gpm 75 
150 

GWW GAC Backwash Waste Line 

VLV – 0207 BFV Handwheel 8 700 gpm 75 
150 

GTW GAC Off Spec 

VLV – 0217 BFV Handwheel 8 700 gpm 75 
150 

GTW GAC Off Spec 

 

 
  

 
- END OF SECTION - 
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SECTION 15391 
 

HEAT TRACING SYSTEMS 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish and install heat tracing and insulation systems as shown 
and required by notes in the drawings or as required by the Section 15390 - Schedules.   All 
heat tracing components shall be supplied by the same manufacturer. The heat tracing and 
insulation system shall include but shall not be limited to self regulating heater cables, 
grommet end termination kits, power connection kits, splice kits, NEMA 4X enclosed 
thermostats, piping insulation and jacket and installation tape. The intent of this specification 
is for the Design/Builder to supply all appurtenances needed for a complete and fully 
operational system at each location that a heat tracing system is required. The heat tracing 
system supplier shall be completely responsible for the design of the system such that the 
entire system meets all aspects of this specification and the system functions in the 
environment where it will be installed. All parameters of the system shall be sized and as 
recommended by the supplier. 

 
B. The heat tracing system(s) shall be provided in accordance with the requirements of Section 

15000 - Basic Mechanical Requirements. 
 
C. Piping insulation and jacket shall be supplied with all heat traced piping and shall be in 

conformance with Section 15290 - Insulation.  The thickness of the insulation shall be as 
stipulated in this specification.   

 
D. The minimum design ambient temperature for the heat tracing system design shall be -10°F.  
 
F. All the components of the heat tracing system shall be individually Underwriters Laboratory 

(UL) listed. The system as supplied shall conform to all applicable parts of the following: 
 

1. National Fire Protection Association (NFPA) 
 
2. National Electric Code (NEC) 
 
3. Local and State Building Codes 

 

0
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1.02 OPERATING CONDITIONS AND PERFORMANCE REQUIREMENTS 
 

A. Heat tracing system conductors and insulation for METAL piping shall be supplied in 
conformance with the following table: 
 

Heat Tracing Conductors and Insulation for Metal Piping 

Pipe Size (in) 

Insulation 

Thickness (in) 

Cable Heat Rating Watts per Foot 

Design Air 

Temperature -10°F 

Design Air 

Temperature -40°F 

≤3/4 1 3  3  

1 1 3  5  

1-1/4 1 3 5  

1-1/2 1 3  5  

2 1 3  5  

2-1/2 1 3  5  

3 1-1/2 3  5  

4 1-1/2 5  8  

6 2 5  8  

8 2 5  8  

10 2 8  10(1)  

12 2 8  10(1)  

 
(1) Two conductors shall be provided and shall be placed on top of and under the pipe. 

 
 

B. Heat tracing system conductors and insulation for NONMETALIC piping shall be supplied in 
conformance with the following table: 

 

Heat Tracing Conductors and Insulation for Nonmetallic Piping 

Pipe Size (in) 

Insulation 

Thickness (in) 

Cable Heat Rating Watts per Foot 

Ambient Air 

Temperature -10°F 

Ambient Air 

Temperature -40°F 

≤3/4 1 3  3  

1 1 3  5  

1-1/4 1 3 5  

1-1/2 1 3  5  

2 1 3  5  

2-1/2 1 5 8 

3 1-1/2 3  8 

4 1-1/2 5  8  

6 2 5  8  

8 2 8 10 

10 2 8(2)  (1) 

12 2 8(2)   (1)  

 
(1) Consult the heat tracing system manufacturer for the cable rating and the number 

of passes for each pipe. 
(2) Two conductors shall be provided and shall be placed on top of and under the 

pipe. 
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1.03 SUBMITTALS 
 

A. The following items shall be submitted with the Shop Drawings in accordance with, or in 
addition to the submittal requirements specified in Section 01 33 00, Submittal Procedures: 

 
1. Submittal data on all components of the heat trace system and any other data 

recommended by the manufacturer 
 
2. Installation and maintenance instructions 
 
3. List of replacement parts for the entire system in table format 
 
4. Bill of materials list of the system as supplied in table format 

 
 
PART 2 -- PRODUCTS 
 
2.01 ACCEPTABLE MANUFACTURERS 
 

A. Each heat trace system shall be supplied by Thermon Manufacturing Company, Raychem 
Corporation or Chromalox. All system components shall be supplied by a single 
manufacturer. 

 
2.02 MATERIALS 
 

A. The self regulating heater cable assembly shall consist of two parallel copper bus wires, 
minimum size 16 AWG, connected through a semi-conductive heating matrix. This heating 
element shall be covered with a cross-linked polyolefin insulation jacket. This insulation shall 
be covered by a tinned copper braid and then covered with a fluoropolymer insulating jacket. 
All heat cables shall be rated for 120 volt supply voltage. The heating cable shall be suitable 
for installation on metallic and nonmetallic pipe. All heating cable shall be properly marked 
by the manufactures number or nomenclature for ease of future maintenance.  

 
B. Each heat tracing circuit shall be supplied with a power connection and end seal kit. Each 

end seal kit shall include a lighted end termination kit Chromalox model UESL or equal. It 
shall be the Design/Builder’s responsibility to make sure that no circuit in the system be 
longer than as recommended by the heat tracing system manufacturer.  All terminations, 
splices, junctions and tee’s in the circuit shall be made using manufacturer recommended 
and supplied kits. Junction boxes shall be provided where required for access to all circuit 
appurtenances.  

 
C. Flexible heater elements shall be provided where indicated on the Drawings to protect 

pumps & other equipment. The flexible heater shall be 3 inches wide by 40 inches long and 
shall consist of a heater element encapsulated in silicone rubber. The silicone rubber shall 
be rated for a temperature range of -80°F to 390°F. The flexible heater shall be designed 
with eyelets in the ends and edges as required for mounting on the pump using 
manufacturer supplied silicone straps. The flexible heater shall be rated for 120 Vac and 600 
watts of heat output. The flexible heater shall be supplied with a preset thermostat which will 
energize the flexible heater when the ambient temperature reaches 40°F and shut down the 
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heater when the ambient temperature reaches 50°F. The flexible heater shall be model SL-N 
as manufactured by Chromalox or equal.   

 
2.03 ELECTRICAL AND CONTROL REQUIREMENTS  

 
A. A thermostat shall be furnished and installed for each heat trace circuit.  The thermostat 

shall have LED indication of set point, process temperature, high temperature alarm, low 
temperature alarm and RTD failure. The thermostat shall be housed in a NEMA 4X 
enclosure and shall suitable for use in a Class 1 Division 2 Location. The thermostat shall be 
UL listed. The Thermostat shall be rated to match the voltage of the heating cable with a 
switch rating of 30 amps (minimum). A common alarm contact shall be provided for remote 
indication of alarm status. The thermostat shall be Chromalox model DTS or equal. 
 

 
2.04 SPARE PARTS 
 

A. Spare parts shall be provided in accordance with Section 11000, Equipment General 
Provisions and shall include the following: 

 
1. 50 ft. of self-regulating cable for each cable wattage provided for the system(s) 

 
2. One (1) spare ambient thermostat controller for each heat tracing system 

 
3. One (1) spare ambient temperature RTD  

 
4. Two (2) each of the following: cable termination kits, cable splice kits and cable tee 

kits   
 
 
PART 3 -- EXECUTION 
 
 
3.01 INSTALLATION 
 

A. The installation of all heat tracing and insulation components shall conform to all instructions 
and requirements recommended by the heat tracing system manufacturer. All installation 
and terminations shall conform to the National Electric Code. 
 

B. All piping shall be pressure tested prior to installation of any heat tracing or insulation 
components. Thermal insulation shall only be installed when all heat tracing components are 
in place and satisfactorily tested as indicated herein. Once tested, the insulation shall be 
installed immediately to prevent damage to the heat tracing system components.  
 

C. No insulation shall be installed using staples. Insulation jackets shall be installed as 
recommended by the insulation system supplier such that no damage is done to the heat 
tracing system components. 
 

D. The installation of heat tracing cable on nonmetallic pipe shall be done in strict conformance 
with the heat tracing manufacturer’s recommendations. Requirements shall include heat 
shielding tape or wrap as recommended by the heat tracing manufacturer 
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E. Design/Builder shall install weather proofing for all outdoor piping.  The field applied jacket 
with moisture barrier shall be slipped around pipe into preformed 2-lock position.  Butt next 
jacket section adjacent to previous section leaving 3/8 inch gap.  Place preformed 2 inch butt 
strap with sealant over the seam and secure with 1/2 inch aluminum band and wing seal.  
Design/Builder shall install preformed fittings identical in composition to pipe jacketing at all 
fittings 
 

F. The Design/Builder shall insure that surfaces of pipes, valves, heat tracing, and fittings are 
clean and dry prior to installation of insulation.  Insulation shall be installed so as to make 
surfaces smooth, even, and substantially flush with the adjacent insulation.  The 
Design/Builder shall follow the manufacturer's application instructions for the materials used 
 

G. A label shall be installed on the piping insulation jacket every 15 feet and readily visible from 
ground level:  ELECTRIC HEAT TRACING: CAUTION 
 

3.03 FIELD TESTING 
 
A. All heating cable shall be tested using a megohmeter (megger) between the heating cable 

bus wires and the metallic ground braid.  A 2,500 VDC megger test is required and the 
minimum acceptable resistance value shall be 20 megaohms regardless of the circuit length. 
Any cables found to be less than this value shall be replaced at no additional cost to the 
Owner.  The megger tests shall be performed as follows: 

 
1. After installation of the cable and all fabrication kits but prior to installing any of the 

insulation system components. 
 
2. After installation of the insulation system components but prior to energizing the 

cables. 
 
3. All test reading for each megger test shall be recorded by the installer and submitted 

with the maintenance instructions.  
 
 
 

- END OF SECTION - 
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SECTION 15400 

PLUMBING 

PART 1 - GENERAL  

1.01 RELATED DOCUMENTS  

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 1 Specification Sections, apply to this Section.  

B. Specifications throughout all Divisions are directly applicable to this Section, and this 
Section is directly applicable to them.   

1.02 SUMMARY  

A. The Design/Builder shall furnish all labor, equipment and material for the complete 
installation of the plumbing system as indicated on the Drawings and specified herein. 

B. Plumbing systems shall be furnished and installed to operate as a system.  The 
Design/Builder shall coordinate all requirements between manufacturers to insure unit 
responsibility and compatibility of the systems. 

C. Provide the following Plumbing Equipment. 

1. Potable water piping systems. 

2. Water Hammer Arresters. 

3. Thermometers. 

4. Pressure Gauges. 

5. Pipe supports, hangers, escutcheon plates, and sleeves. 

6. Plumbing pipe insulation. 

7. Pipe ID markers and equipment identification tags. 

8. Plumbing Fixtures 

9. Water Heaters. 

10. Expansion Tank. 

11. Emergency Shower and Eye/Face Wash Combination. 

12. Emergency Eye/Face Wash Unit. 

13. Flow Alarm Switches. 

3
2

4
1

4
-0

0
0
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14. Tempered Water Systems. 

15. Reduced Pressure Zone Backflow Preventer (RPZ). 

 
16. Wall Hydrants (Non-Freeze). 

17. Shut-off valves 

18. Sanitary sewer (DWV) piping systems, floor drains and cleanouts. 

1.03 SUBMITTALS 

A. The Design/Builder shall submit shop drawings on all equipment, accessories and 
appurtenances and all fabrication work or other plumbing work required, all in 
accordance with the requirements of  General Conditions and Section 01 33 00, 
Submittal Procedures. 

B. Data to be submitted shall include but not be limited to: 

1. Catalog data consisting of specifications, illustrations and a parts schedule that 
identifies the materials to be used for the various parts and accessories.  The 
illustrations shall be in sufficient detail to serve as a guide for assembly and 
disassembly. 

2. Complete assembly and installation drawings with clearly marked dimensions.  
This information shall be in sufficient detail to serve as a guide for assembly and 
disassembly and for ordering parts. 

3. Weight of all component parts and assembled weight. 

4. Electrical characteristics, wiring, diagrams, etc. 

5. Sample data sheet of equipment nameplate(s) including information contained 
thereon. 

6. Insulation materials, coating, jackets, detail density, thermal conductivity and 
thickness of all insulation materials to be furnished. 

7. Details of special fasteners and accessories. 

8. Type of adhesives, binders, joint cement, mastics. 

9. Proposed insulation procedures and installation methods. 

10. Spreadsheet or chart identifying piping systems type and pipe size, model 
numbers of hangers to be used, special coatings for pipe supports etc. 

11. Sample data sheet of piping and valves including information contained thereon. 

12. Spare parts list 

13. Special tools list 

C. The Design/Builder shall obtain from the manufacturer and submit to the Engineer 
copies of the results of all certified shop tests. 
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D. The Design/Builder shall obtain from the manufacturer and submit to the Engineer 
copies of certified letters of compliance in accordance with the Specifications. 

E. The Design/Builder shall submit operation and maintenance manual in accordance with 
the procedures and requirements set forth in the General Conditions and Division 1. 
Operation and Maintenance Manuals shall be submitted for all equipment.  

1.04 DELIVERY, STORAGE AND HANDLING 

A. Deliver, store, protect and handle products to the Project Site under provisions of 
Division 1. 

B. Accept products on site in factory-fabricated protective containers, with factory-installed 
shipping skids and lifting lugs. Inspect for damage. 

C. Store in clean dry place and protect from weather and construction traffic. Handle 
carefully to avoid damage to components, enclosures and finish. 

D. Protect openings in casing and seal them with plastic wrap to keep dirt and debris. 
Protect coils from entry of dirt and debris with pipe caps or plugs. 

1.05 SCHEDULES ON DRAWINGS 

A. In general, all capacities of equipment and fixtures characteristics are shown in 
schedules on the Drawings. Reference shall be made to the schedules for such 
information. Variations of the scheduled equipment supplied under this Contract will be 
permitted only with the written direction of the Engineer. 

1.06 MANUFACTURER'S INSTRUCTIONS 

A. Installation of all equipment shall be in accordance with manufacturer's data. 

B. All changes from the installation procedures in manufacturers' data shall be submitted 
for approval in accordance with the requirements for shop drawings. 

C. Keep all manufacturers' data provided in a secure manner at the job site at all times.  
Catalog and index this data for convenient reference. 

D. Manufacturers' data shall be available for the information of the Owner, Engineer, and 
the use of other trades. 

E. Turn over all data to the Owner through the Owner's representative at completion of the 
Work and final testing. 

F. Submit all instruction books and manuals in accordance with Division 1. 

1.07 CODES, PERMITS AND STANDARDS 

A. The Design/Builder shall obtain and pay for all permits and shall comply with all laws and 
codes that apply to the Work. 

B. The Design/Builder shall be responsible for all added expense due to his choice of 
equipment, materials or construction methods. 
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C. All work and materials shall be in full accordance with the latest State rules and 
regulations or publications including those of the State Fire Marshall, the Virginia 
Plumbing and Energy Codes, and all local codes.  Nothing in the Plans and/or 
Specifications shall be construed to permit work not conforming to the above codes, 
rules and regulations. 

D. All equipment, materials and installations shall conform to the requirements of the most 
recent edition with latest revisions, supplements and amendments of the following, as 
applicable: 

1. American National Standards Institute (ANSI). 

2. American Society for Testing and Materials (ASTM). 

3. American Society of Mechanical Engineers (ASME). 

4. Factory Mutual (FM). 

5. National Electric Code (NEC). 

6. Occupational Safety and Health Standards (OSHA). 

7. State and local codes, ordinances and statutes. 

8. Underwriters Laboratories (UL). 

9. Others as designated in the specifications. 

1.08 QUALITY ASSURANCE 

A. Manufacturer Qualifications: Company specializing in manufacturing the products 
specified in this Section with minimum three (3) years documented experience, who 
issues complete catalog data on total product. 

B. All material and equipment shall be the latest design, new, not deteriorated, and the first 
quality standard product of manufacturers regularly engaged in the production of such 
material and equipment. 

C. When two or more units of the same class of material or equipment are required, they 
shall be products of a single manufacturer. 

D. All work shall be performed in a neat and workmanlike manner by workers skilled in their 
respective trades, and all materials and equipment shall be installed as recommended 
by the manufacturers and in accordance with specified codes and standards. 

E. Touch up and/or repaint to match original finishes all factory finished or painted 
equipment and materials which are scratched or marred during shipment or installation. 

F. Plumbing fixtures shall be set and connected to soil, waste, and vent and cold and hot 
water supplies in a neat, finished and uniform manner.  Fixtures of each class and the 
connection to same shall be of equal height, level and at right angles to the wall unless 
otherwise directed by the Engineer. 
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G. Each plumbing fixture shall be provided with an approved P-trap, which shall be set as 
close to the outlet as practicable, all water supply connections shall be provided with 
loose key stops. 

H. Vitreous china fixtures shall be carefully selected, free from spots, grazing or chips. 

I. Fixture trim, traps, faucets, escutcheons, and waste pipes that are exposed to view shall 
be brass with polished chromium plating over nickel finish.  Exposed supplies shall be 
brass pipe plated in the same manner.  

J. All fixtures designated for use by the disabled shall fully conform and shall be installed 
per the requirements of the American Disabilities Act. 

K. All iron and steel piping, and pipe fittings shall be manufactured domestically within the 
United States of America. 

L. Regulatory Requirements:  Comply with requirements in Public Law 102-486, "Energy 
Policy Act," about water flow and consumption rates for plumbing fixtures. 

M. NSF Standard:  Comply with NSF 61, "Drinking Water System Components--Health 
Effects," for fixture materials that will be in contact with potable water. 

PART 2 - PRODUCTS 

2.01 GENERAL 

A. Each item of equipment shall be furnished and installed complete with all supports, 
mounting frames, piping, electrical work, insulation and appurtenances ready for 
operation. 

B. All equipment and appurtenances shall be anchored or connected to supporting 
members as specified or as indicated on the Plans. 

C. The Drawings shall be taken as diagrammatic.  The Design/Builder shall check the 
Structural Drawings and sections for detail dimensions and clearances.   

D. All supports required for the proper installation of the equipment, but not forming an 
integral part of the building structure, shall be provided, unless specifically noted 
otherwise.   

2.02 MATERIALS 

A. Buried cold water piping shall be copper tubing, Type “K”, 2-1/2-inch and smaller with 
wrought copper solder joint fittings; 3-inch and larger shall be ductile iron pipe and 
fittings in accordance with Section 15006 – Ductile Iron Pipe. 

B. Exposed tempered, hot and cold water piping shall be copper tubing, Type “L”, 3-1/2-
inch and smaller with wrought copper solder joint fittings; 4-inch and larger shall be 
ductile iron pipe, AWWA C151, grooved or flanged ends. 
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C. Underground soil, waste, and drainage pipe inside building and to a point 5’-0” (five feet) 
outside the building shall be standard weight cast iron soil pipe and fittings conforming to 
ASTM A74.  Joints shall be hub and spigot, caulk joint, or installed with compression 
gaskets conforming to ASTM C-564. No-hub is not permitted underground. 

D. Aboveground soil, waste, and vent piping shall be Schedule 40 PVC pipe with PVC 
Socket Fittings:  ASTM D 2665, socket type, made to ASTM D 3311, drain, waste, and 
vent patterns, fittings, and solvent-cemented joints. 

2.03 PIPING 

A. Design/Builder shall form all holes; furnish and install all concrete inserts, flashings and 
sleeves in existing floors, walls, equipment foundations, ceilings, and roofs as required 
for the erection, installation, and support of all pipe and tubing. 

1. Provide sleeves and flashings for all pipes and tubing, etc., furnished which 
passes through existing walls, intermediate floors, partition walls and roofs. Caulk 
wall opening with fire retardant sealant.  

2. Provide fire stopping materials which consist of commercially manufactured 
products capable of passing ASTM E-814 (UL 1479) Standard Method of Fire 
Test for Through Penetration Fire Stops wherever piping penetrates a fire rated 
roof, wall or floor assembly. 

3. Install concrete inserts, sleeves and flashings required, as indicated, or in a 
manner acceptable to the Engineer. 

4. All holes missed by the Design/Builder, but required for the installation of the 
piping systems, shall be made in the walls, floors, roof and by the Design/Builder 
at no additional expense to the Owner by core drilling or saw cutting methods 
only. 

5. Provide escutcheons around pipes in all areas.  Use chromium plated 
escutcheons on pipe penetrations exposed in finished rooms or areas.  Use 
stainless steel escutcheons in all process areas. 

6. Install water hammer arrestors on all hot and cold water branch lines to fixtures 
and equipment. 

B. Copper Water Tube:   

1. Tube:   

a. Reference:  ASTM B88.   

b. Type:  K or L.   

c. Temper:  Hard drawn or soft annealed.   

2. Joints: 

a. General:  Connect pipe with solder joints except where threaded or 
flanged fittings are required at valves, equipment connections or 
otherwise shown or directed. 
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b. Solder Joints:  ASTM B32, Sb5 (95 5 tin antimony). 

c. Threaded Joints: 

1) Taper Pipe Threads:  ANSI B2.1. 

2) Joint Preparation:  Teflon Tape. 

d. Flanged Joints: 

e. Flanges:  ANSI B16.24, 150 lb. class. 

1) Gaskets:  Red rubber, ASTM D1330, Grade 1, 1/8 inch thick. 

f. Bolts and Nuts: 

1) Standard:  ANSI B18.21 and ANSI B18.2.2, respectively. 

2) Material:  ASTM A307, Grade B. 

3. Fittings:   

a. Type:  Wrought Copper. 

b. Reference:  ANSI B16.22. 

4. Unions:   

a. Reference:  FS WW U 516.   

b. Material:  Bronze.   

c. Rating:  250 pound W.O.G.   

5. All copper piping 2 1/2 inches and smaller, run within the interior of a building, 
shall be hard drawn copper Type "L".   

6. All buried copper piping 2 1/2 inches and smaller shall be soft temper copper 
Type "K".   

C. Ductile Iron Pipe: Refer to Section 15006 

D. Drain, waste and vent piping and fittings shall be manufactured by Tyler Pipe, Charlotte 
Pipe and Foundry, A.B. and I. Foundry, or equal.  

1. The piping shall be installed complete, of the size and arrangement shown on the 
drawings.  All piping shall be installed to allow for expansion, and parallel or 
perpendicular to the building construction.  When pipe is installed underground, 
the ground shall be excavated to a minimum depth to accomplish the grade 
shown or required by code.  The pipe shall have bearing along its entire length 
and if installed on fill, shall be supported by concrete cradles to firm earth. 

2. All pipe shall be supported from the building structure in a neat manner, in 
compliance with current trade practices and wherever possible, parallel runs of 
horizontal piping shall be grouped together on trapeze hangers. Single runs of 
horizontal piping shall be supported with clevis type hangers.  Vertical risers shall 
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be supported at each floor line with steel pipe clamps.  The use of wire or 
perforated metal to support pipe will not be permitted.  In concrete construction, 
approved inserts will be carefully set to support the piping.  Soil and waste pipe 
shall be supported at intervals of not more than five feet on horizontal runs and at 
the base of every stack. 

3. Sealing Coupling Sleeve for No-hub joints:  The coupling shall be made of 
stainless steel, ASTM C 1277 assembly of metal housing, corrosion-resistant 
fasteners, and ASTM C 564 EPDM rubber sleeve with integral, center pipe stop.  
All surfaces of the sleeve shall be smooth except for the specified marking.  The 
sleeves shall be free from dirt and foreign materials. 

4. All pipes extending through the roof shall be a minimum of 3-inch diameter and 
shall be flashed with black EPDM rubber flashing boots.  Vents shall extend 12- 
inches above finished roof and in conformity with NRCA details. 

E. Pipe sleeves and escutcheons: 

1. Sleeves shall be provided for all piping passing through masonry or concrete 
walls and floors. Sleeves for walls and floors shall be indicated, made watertight 
and extend above floor lines. Sleeves shall conform to the requirements of 
Division 15 and Standard Details. 

2. Escutcheon plates shall be polished chrome.  Provide for all wall penetrations in 
finished areas. 

2.04 THERMOMETERS 

A. Thermometers shall be all 300 Series stainless steel welded construction, 5” anti-
parallax dial with bold black on non-reflective satin or white background, hermetically 
sealed and weatherproof, vibration dampened bimetallic actuation, over range protection 

of 50 percent full scale up to 500 F and 10 percent above 500 F, external recalibrator, 
1 percent full scale accuracy.  Thermometers shall be of the variangle stem configuration 
to maintain perpendicular orientation of the dial face to the User’s vision.  Temperature 

ranges shall be: 0/20-140 F. 

B. Acceptable products:  Tel-Tru Manufacturing #AA575R, Marshall Town Figure 254, or A. 
A. Weiss & Sons #5VBM. 

2.05 PRESSURE GAGES 

A. Pressure gages shall be selected so that normal operating pressures fall at 
approximately midscale and so that continuous operation does not exceed 75 percent of 
full scale.  Pressure gauge ranges shall be from 0 – 80 psig. 

B. Pressure gages shall be 4-1/2” dial type with bold black markings on white background, 
aluminum or steel pressure relieving case, phosphor bronze brazed Bourdon tube, 
bronze and stainless steel movement, provision for zero shift calibration without 
removing or bending the pointer.  Accuracy shall be ANSI Grade A per ANSI B40.1 
1980.  Acceptable products:  AMETEK/U. S. Gage 5000 Series, Marshall Town Figures 
42 and 224, or A. A. Weiss & Sons #PG-1 Series. 

2.06 GAGE COCKS 
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A. Gage cocks shall be brass with 1/4 inch NPT female threads and lever or tee handles.  
They shall be rated for service at 600 pounds WOG and 150 pounds saturated steam 
pressure.  All gage cocks shall be the same. 

B. Acceptable products:  AMETEK/U. S. Gage Figure 520, Dresser Industries Figure 1095, 
or Parker Hannifin #V500P-4. 

2.07 WATER METER 

A. Turbine Type with magnetic drive (3 to 4-inch): 

1. All meters furnished shall be manufactured by a registered ISO 9001 quality 
standard facility. Acceptable meters shall have a minimum of fifteen (15) years of 
successful field use. All specifications meet or exceed the latest revision of 
AWWA C701. 

2. Lead free and shall meet the Safe Drinking Water Act (SDWA) per NSF 372. 

3. All meters shall be equipped with either direct reading hermetically sealed 
register or encoder remote registers per AWWA C707 and meet all AWWA C701 
performance standards and per local authorities standards. 

4. The main case and cover shall be cast from NSF/ANSI 61, certified lead free 
bronze alloy. The hermetically sealed register shall consist of naturally lubricated, 
molded gears.  A positive magnetic drive shall couple the register with the 
measuring element. 

5. Water meter shall be Trident Turbine, Neptune, or approved equal.  

2.08 BACKFLOW PREVENTERS 

A. Reduced Pressure Backflow Preventers (3/4 to 2-inch): 

1. Provide reduced pressure zone backflow preventers at the locations and in the 
size shown on the Drawings. Backflow preventers shall be rated for 175 psig and 
temperatures up to 140 degrees F. Backflow preventers shall be tested and 
certified in accordance with ASSE 1013 and AWWA C506. 

2. Provide with bronze body construction, FDA epoxy coated bronze body check 
valve and relief valve assemblies, and bronze seats, stainless steel trim. 

3. Provide isolation valves on the inlet and outlet of each backflow preventer. 
Valves shall be quarter-turn, full port, resilient seated, bronze ball valves. 

4. Provide bronze body valve test cocks. 

5. Backflow preventers shall be Watts Series LF909, Wilkins, or approved equal.  

B. Reduced Pressure Backflow Preventers (2-1/2 to 10-inch): 

1. Provide reduced pressure backflow preventers at the locations and in the size 
shown size shown on the Drawings. Backflow preventers shall be rated for 175 
psig and water temperatures up to 110 degrees F.  Backflow preventers shall be 
tested and certified in accordance with ASSE 1013 and AWWA C506. 
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2. Backflow preventers shall have two (2) independent operating spring loaded 
check valves and one (1) spring loaded, diaphragm actuated, differential 
pressure relief valve installed between the check valves.  Provide with FDA 
approved epoxy coated cast iron check valves, removable bronze seats, 
stainless steel internal parts, and FDA approved epoxy coated cast iron relief 
valve with stainless steel trim.  

3. Provide isolation valves on the inlet and outlet of each backflow preventer. 
Valves shall be OS&Y gate valves. Backflow preventers 3-inch and larger shall 
have flanged connections (to match rating of pipe), and less than 3-inch shall 
have screwed connections.  

4. Provide bronze body valve test cocks. 

5. Backflow preventers shall be Watts Series LF909, Wilkins, or approved equal.  

C. Double Check Valve Backflow Preventers (2-1/2 to 10-inch): 

1. Provide double check valve backflow preventers at the locations and in the size 
shown size shown on the Drawings.  Backflow preventers shall be rated for 175 
psig and water temperatures up to 110 degrees F.  Backflow preventers shall be 
tested and certified in accordance with ASSE 1015 and AWWA C506. 

2. Backflow preventer installation shall include isolation valves and four test cocks, 
furnished as an assembly.  For backflow preventers less than 2-1/2", the 
installation assembly also shall include a strainer.  Isolation valves for backflow 
preventers shall be ball valves, except for size 2-1/2" and larger which shall be 
resilient seat gate valves. Test cocks shall be located as recommended by the 
manufacturer to facilitate functional testing of the assembly.  Backflow preventers 
3-inch and larger shall have flanged connections (to match rating of pipe), and 
less than 3-inch shall have screwed connections.  

3. Provide isolation valves on the inlet and outlet of each backflow preventer. 
Valves shall be UL/FM listed OS&Y gate valves. Backflow preventers 3-inch and 
larger shall have flanged connections (to match rating of pipe), and less than 3-
inch shall have screwed connections.  

4. Provide bronze body valve test cocks. 

5. The backflow preventer shall be a WATTS LF709, Wilkins, or approved equal. 

2.09 WATER SERVICE BALL VALVES 

A. Products and Manufacturers:  Provide ball valves as made by one of the following: 

1. Watts, Series FBV-3C or FBVS-3C. 

2. Nibco. 

3. Or Approved Equal. 

B. 2-piece full port brass ball valve. 

C. NSF/ANSI Standard 61, for potable water use. 
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D. Sizes: 1/4” – 3”. 

2.10 FIXTURE WATER STOPS 

A. Products and Manufacturers:  Provide stops as made by one of the following: 

1. Zurn, Model Z8800 to Z8845. 

2. Watts. 

3. Or Approved Equal. 

B. Chrome plated, solid brass with round wheelhandle. 

2.11 PIPE HANGERS AND SUPPORTS 

A. Hangers and supports shall conform to recommendation of Standard Practice No. 58 
and 69 of Manufacturer’s Standardization Society of the Valve and Fitting Industry. Refer 
to Section 15020.  

B. See Specification Section 15020 

2.12 PIPE INSULATION 

A. Products and Manufacturers:  Provide insulation as made by one of the following: 

1. Armstrong: AP Armaflex 

2. Schuller: Aerotube II 

3. Rubatex Corp.: R-180-FS 

4. IMCOA: Imcolock 

B. Pipe Insulation: 

1. Type: Elastomeric Closed Cell. 

2. FM Approved. 

3. Unit slit tubing and miter cut fittings. 

4. Thickness and Application:   1/2” to 1-1/4” pipe – 3/4 inch insulation and 1-1/2” to 
4” pipe – 1-inch of insulation on all water piping above slab/grade. 

5. Average thermal conductivity not to exceed 0.27 (Btu-in)/(hr-FT2-°F) at mean 
temperature of 75° F, temperature range -40° to 220° F; permeability not to 
exceed 0.20 by ASTM E96; water absorption 3 percent by ASTM D1056 and 
ozone resistant. 

2.13 PIPE IDENTIFICATION 

A. See Specification Section 15030. 

2.14 VALVE TAGS AND NUMBERING 
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A. All valves shall be tagged with 1-1/4-inch diameter, 0.040-inch thick brass or laminated 
plastic tags with numbers and letters.  A complete directory of valves, pump motors, 
controls, devices, and other equipment, giving use, location, size, and manufacturer’s 
number of each shall be prepared with permanent ink, framed under glass, and hung in 
the mechanical equipment room where directed by Using Agency/Owner. 

B. All valves above ceilings or access panels shall be identified by color-coded, self-
adhesive “dots” affixed to the ceiling grid or the access panel frame.  Dots shall be 
visible from a standing position on the floor immediately below the marker. 

2.15 PLUMBING FIXTURES 

A. Provide and install plumbing fixtures and equipment specified and scheduled on 
Drawings.  Fixtures shall bear the manufacturer's name and trademark and quality or 
class of fixture.  All exposed piping, etc., shall be chromium plated brass.  The 
Design/Buildershall check the Architectural and Plumbing Drawings for details and 
dimensions prior to roughing in for fixtures.   

B. WC-1: Water Closet (ADA): Vitreous china, wall mounted, Dual flush, HET (high 
efficiency toilet), elongated, flushometer type, siphon jet action, dual flush 1.1 / 1.6 gallon 
(up vs. down) per flush.  Seat shall be antimicrobial, white, open front, solid plastic with 
check hinge.  Refer to fixture schedule for basis of design model numbers.  Flush valve 
shall be lever action manual handle, chrome plated; Sloan-Royal 8111-1.6/1.1 or 
approved equal. 

Acceptable Products: 

1. American Standard Afwall 2257.101 (Basis of Design) with Sloan-Royal 8111-
1.6/1.1 dual flush valve.  Alternates: Kohler, Toto.  

 

2.       Acceptable seats: 

a. Church 

b. Olsonite  

c. Beneke 

C. UR-1 Urinal: Vitreous china wall hung urinal with siphon jet flushing action, 3/4 inch top 
spud inlet, 2 inch IPS outlet connection.  Manual 0.5 gallon flush valve shall have 
vacuum breaker, ¾ inch screwdriver angle stop and chrome plated flush connection.  
Include Type II urinal carrier with hanger and bearing plates and steel uprights with feet.  
Refer to fixture schedule for basis of design model numbers.   

1. Acceptable products: 

a. American Standard 6590.501 

b. Kohler  

c. Toto  

D. LAV-1: Counter Mounted Lavatory (ADA): Drop-in, vitreous china, and punched for 4” 
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center set fitting.  Provide open grid strainer with tailpiece, 17 gauge chrome plated 
brass offset trap assembly (ADA compliant), p-trap and supplies with loose key stops.  
Provide closed cell insulation, or Truebro Lavguard with vinyl cover on waste, stop 
valves and supply piping.  Cover shall be antimicrobial.  Kohler Pennington drop-in 
bathroom sink K-2196-4 or equal with faucet as below (American Standard Tropic 
7038.201).  Max flow rate shall be 0.5 gpm. 

E. LAV- 2:  Wall Hung, Lavatory (ADA): Wall hung, vitreous china, with wall hangers and 
punched for 4” center set fitting.  Provide open grid strainer with tailpiece, 17 gauge 
chrome plated brass offset trap assembly (ADA compliant), p-trap and supplies with 
loose key stops.  Provide floor mounted concealed arm chair carrier with cast iron block 
base feet, Schedule 40 pipe uprights, header, couplings, cast iron hanger.  Anchor 
carrier securely to floor.  Provide closed cell insulation, or Truebro Lavguard with vinyl 
cover on waste, stop valves and supply piping.  Cover shall be antimicrobial.  Max flow 
rate shall be 0.5 gpm. 

1. Acceptable products: 

a. American Standard #0355.012 (Lucerne), 20” x 18” (ADA) 

b. Eljer  

c. Kohler  

2. Acceptable trim: 

a. American Standard 

b. Eljer  

c. Kohler 

d. Chicago Faucets Model 

3. Acceptable P-Traps: 

a. J.R. SMITH 2698-1 PRIME-EZE WATER SAVER 

b. American Standard #4401.014 

c. Eljer #804-1180 

d. Kohler #K-9000 

4. Acceptable carriers: 

a. Zurn 

b. Wade 

c. Josam 

5. Acceptable faucet: 

a. American Standard Model Tropic 7038.201 with 0.5 gpm aerator 
(M922901-0020A) 
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b. Kohler 

c. Moen Commercial Line 

F. MSB-1: Mop receptor shall be structural fiber glass construction and 36 inch by 24 inch 
in size. Color shall be white..   Stainless steel splash panels shall be provided on all wall 
sides.  Supply fittings shall be American Standard 8344.212, or approved equal. Supply 
fitting threaded spout, pail hook, vacuum breaker, wall brace and loose key stops in 
shanks.  Provide stainless steel mop hanger. 

1. Acceptable manufacturers: 

a. Mustee 65M (Basis of Design) 

b. Swanstone 

c. Crane/Fiat 

G. S-1: Single-Compartment Sink: 18 gauge stainless steel, self-rimming, undercoating, two 
hole punched, sink with swing spout faucet, low flow 0.50 gpm aerator, single center 
handle (ADA), 3-1/2” strainer basket with stopper and 1-1/2” tail piece. 

1. Acceptable sinks: 

a. Elkay ECTSRAD25226BG (Basis of Design) 

b. Just 

c. Amtekco 

2. Acceptable faucet fittings 

a. Elkay LK2477CR 

b. Moen Commercial Line 

c. American Standard 

d. Kohler  

3. Acceptable P-Traps: 

a. J.R. SMITH 2698-1 PRIME-EZE WATER SAVER 

b. American Standard #4419.040 

c. Eljer #804-1110 

d. Kohler #K-9004 

H. S-2: Double-Compartment Sink: Provided with Lab Cabinetry.  

I. S-3:  Handwash Sink: 18 gauge stainless steel top and bowl with galvanized legs and 
adjustable feet, 9” backsplash, rolled edge, two hole punched (8” on center) sink with 
swing spout faucet, low flow 0.50 gpm aerator, two handle (ADA), 3-1/2” strainer basket 
with stopper and 1-1/2” tail piece. 
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4. Acceptable sinks: 

d. Elkay B1C18X18X (Basis of Design) 

e. American Standard 

f. Kohler 

5. Acceptable faucet fittings 

e. Elkay LK940GN04L2H 

f. Moen Commercial Line 

g. American Standard 

h. Kohler  

6. Acceptable P-Traps: 

e. Elkay 

f. American Standard #4419.040 

g. Eljer #804-1110 

h. Kohler #K-9004 

J. EWC-1: Electric Water Cooler: Two-station, wall mounted, hands free on lower unit, 
barrier free water cooler with electric cooling unit with hands-free bottle filler (laminar 
flow 1.1-1.5 gpm).  Motor Compressor: Hermetically sealed, reciprocating type, 115V, 
60Hz single phase. Sealed-in lifetime oil supply.  Equipped with electric cord and three 
prong molded rubber plug.  Condenser: Fan cooled, copper tube with aluminum fins. 
Fan motor shall be permanently lubricated.  Cooling Unit: Combination tube-tank type. 
Tube portion shall be continuous coil of copper tubing. Tank shall be stainless steel.  
Fully insulated with EPS foam, which meets Underwriters Laboratories Inc. requirements 
for self-extinguishing material.  Refrigerant Control: Refrigerant HFC-134a is controlled 
by accurately calibrated capillary tube for positively trouble-free operation.  Water cooler 
shall deliver 8 GPH of 50 F drinking water at 90 F ambient and 80 F inlet water.  
Pressure-Type Water Coolers shall be designed to operate on 20 psig to 105 psig 
supply line pressure. If inlet pressure is above 105 psig, a pressure regulator must be 
installed in the supply line.  Water coolers shall meet the requirements of NSF/ANSI 61, 
comply with A.R.I. Standard 1010, and be ADA certified. 

1. Acceptable Manufacturers: 

a. Elkay 

b. Oasis 

c. Haws 

K. ESE-1:  Emergency Shower and Eye Wash Station.  Shower to have self-closing valve 
operated by pull chain or rod.  Shower head is deluge type, corrosion resistant plastic, 
steady flow (unit shall be complete with automatic flow control devices as required to 
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limit emergency shower flow to 20 gpm and eye wash flow to 3 gpm) under operating 
pressures between 30-90 psig, assured by integral flow control in spray head assembly.  
Eye wash station to have corrosion resistant plastic bowl and push lever independent to 
shower.  Supply and waste to be 1-1/4” I.P.S. with floor flange and interconnecting 
piping.  Unit is encased in highly visible yellow removable ABS plastic shell.  Piping is 
galvanized steel protected by safety yellow corrosion resistant coating.  Provide 120 
VAC flow switch. 

1. Acceptable products: 

a. Bradley  

b. Haws 

c. Speakman 

L. ESE-2:  Freeze-Proof Emergency Shower and Eye Wash Station.  Combination freeze-
proof shower/eyewash unit intended for use where temperatures fall below freezing.  

Heat trace cable protects unit from freezing to minus 50F.  Unit is encased in highly 
visible yellow removable ABS plastic shell.  Shower to have quick acting, self-closing 
valve operated by pull chain or rod.  Shower head is deluge type, corrosion resistant 
plastic, steady flow (unit shall be complete with automatic flow control devices as 
required to limit emergency shower flow to 20 gpm and eye wash flow to 3 gpm) under 
operating pressures between 30-90 psig, assured by integral flow control in spray head 
assembly. Eye wash station to have high impact plastic bowl and push lever 
independent to shower.  Supply and waste to be 1-1/4 “ I.P.S. with floor flange and 
interconnecting piping.  Provide 120VAC flow switch for remote alarm and heat trace 
indicator light. 

1. Acceptable products: 

a. Bradley  

b. Haws  

c. Speakman 

M. Flow Alarm Switches for Emergency Shower and Eye Wash Stations. 

a. Provide flow alarm switches in conjunction with emergency showers, eye-wash 
units and face/body sprays where shown on the Drawings.  Switches shall be 
selected according to the flow rate of the specific unit specified. Switches shall be 
provided by the manufacturer of the emergency flushing equipment or shall be 
accompanied by a statement of the equipment flow to ensure that proper 
selection is made.  A typical combination eyewash/shower requires a modified 
flow switch capable of actuation at 2.5 gpm.  Each switch shall include a single 
pole double throw snap action switch rated for 5 Amps, 125/250 VAC.  Unless 
otherwise specified, the local alarm units shall be furnished and installed under 
Division 16. 

b. Acceptable products: 

a. Bradley  
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b. Haws Model 9001 

c. Speakman 

d. W.E. Anderson, Model V-6 

N. Water Hammer Arrestor 

Shock control device shall be tested and certified in accordance with Plumbing and 
Drainage Institute Standard PDI-WH201.  Device shall be of all stainless steel 
construction with nitrogen gas cushion with welded nested bellows. 

1. Acceptable Products: 

a. Wade #W-5 

b. J.R. Smith 5000 series 

c. Zurn #Z-1700-100 

2.16 WH-1: ELECTRIC WATER HEATER 

A. Water heater shall be A.O. Smith Gold series Commercial Electric model number DRE-
120-9 or equal.   

B. The heater shall be rated at 9 KW 480 Volt 3 phase 60 Hertz and listed by UL. 

C. The tank shall be 119 gallon capacity and be ASME rated, glass lined, and the exterior 
coated in a baked enamel finish.  The insulation shall meet US Department of Energy 
and ASHRAE/IESNA 90.1 requirements.  Cathodic protection shall have 12 year 
average lifetime. 

D. Include recirculation pump and return hot/tepid water line.   

2.17 ST-1: HOT WATER STORAGE TANK 

A. Storage tank shall be A.O. Smith glasslined storage tank model TJV-120A or equal. 

B. The tank shall have a nominal capacity of 120 gallons with a glass lined interior and 
baked enamel exterior and threaded openings.  The insulation shall meet US 
Department of Energy and ASHRAE/IESNA 90.1 requirements.  Cathodic protection 
shall be provided. 

C. Include recirculation pump, aquastat, and all other accessories and appurtenances for 
complete operation of the cycling of water between the storage tank to the water heater. 

D. Water heater shall supply 80 F tempered water to emergency showers and 110 F water 
to other fixtures.  See section 2.21. 

2.18 WH-2: TEMPERED WATER SYSTEMS 

A. Tempered water systemsshall be installed where shown on the Contract Drawings.  

B. The water heaters shall be electric with automatic controls and listed by UL, storing 
water at 175° F and dispensing precise temperature-controlled tepid water at 80° F to 
the emergency shower and eye wash stations from an integral thermostatic mixing 
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valve. If the factory packaged heater does not have one, the Design/Builder shall furnish 
and install thermostatic mixing valves adjusted to 80° F. 

C. Tempered water heating system shall provide at least 23 GPM of 80° F tepid water for at 
least 15 minutes and with a pressure drop of 5 PSI or less across the system.  The 
system shall have fail safes to provide cold water if hot water supply has stopped and to 
not supply scalding water in the event that cold water supply has failed. 

D. Water heater shall be Hubbell model EMV or equal.  

E. All electric operating controls shall be factory selected and wired to ensure reliable 
operation.  

F. Design/Builder shall install heaters and plumb them according to manufacturers’ written 
instructions and roughing-in drawings. Design/Builder shall furnish all necessary valves, 
piping, joints, y-strainers, and other hardware based on the manufacturers suggestions 
for complete installation and operation.  

G. Water heater shall be A.O. Smith Gold series Commercial Electric model number DRE-
120-6 or equal.   

H. The heater shall be rated at 6 KW 480 Volt 3 phase 60 Hertz and listed by UL. 

I. Include recirculation pump and return hot/tepid water line.   

J. The tank shall be 119 gallon capacity and be ASME rated, glass lined, and the exterior 
coated in a baked enamel finish.  The insulation shall meet US Department of Energy 
and ASHRAE/IESNA 90.1 requirements.  Cathodic protection shall have 12 year 
average lifetime 

 

2.19 RCP: RECIRCULATION PUMP 

A. Pump designed for high efficiency recirculation of potable water in closed loop 
applications. 

B. The recirculator pump shall be self lubricating, without a mechanical seal, and designed 
to be maintenance free. 

C. The pump shall be low lead/lead free construction with ¾” NPT connections. 

D. The recirculation pump shall be manufactured by reputable firms regularly engaged in 
the manufacture of recirculation pumps whose products have been in use in similar 
service for not less than 3 years: TACO, Grundfos, Bell & Gossett, etc.  

E. Pump shall be capable of producing up to 4 feet of head and a flow range up to 7 gpm.  
It shall operate on 115 V single phase power and have 1/40 HP motor. 

2.20 EXPANSION TANKS 

A. The expansion tank shall be of carbon steel shell and heavy duty butyl rubber 
diaphragm/bladder with polypropylene liner construction. 

B. Tanks shall come precharged with the abilty to charge or release tank pressure.  Tanks 
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shall be pressurized to line pressures and installed with pressure gauges near to tank 
entrance. 

C. Maximum working pressures for expansion tanks shall be at least 150 PSI. 

D. The expansion tank shall be made by reputable firms regularly engaged in the 
manufacture of expansion tanks whose products have been in use in similar service for 
not less than 3 years. 

2.21 THERMOSTATIC MIXING VALVES 

A. Thermostatic mixing valves shall conform to ASSE Standard 1016 Type T or ASSE 
Standard 1070.  Valves at emergency eyewash and showers shall meet all ANSI Z358.1 
requirements. 

B. Thermostatic mixing valves shall be capable of suppling enough flow and adjustable 
temperature water to the fixture in question (80 F to ESEW or 110 F to plumbing fixtures) 
and shall have fail safes to prevent or divert scalding water.  Minimum flow rate of 0.25 
gpm for plumbing fixtures.  Mixing valve for Emergency showers and eye/face washes 
shall be from 1 gpm up to at least 23 gpm. 

C. Body shall be bronze construction and all components shall be replaceable and 
corrosion resistant. 

2.22 TRAP PRIMERS 

A. Trap primers shall be located as shown on Drawing.  

B. Acceptable manufacturers: 

1. Prime-Rite, PR-5000 

2. J R Smith 2698-1 PRIME-EZE WATER SAVER 

3. Or Approved Equal 

2.23 HOSE BIBBS 

A. Hose bibbs shall be all brass or bronze construction with wheel handle and non-
removable vacuum breaker complying with ASSE Standard 1011.  Provide freeze 
protected hose bibbs where indicated on Plans.  American manufactured. 

2.24 STAINLESS STEEL HOSE REEL (HR-1): 

A. Manual crank rewind with cam-lock brake and spring actuated pin lock. 

B. 90 degree inlet with stainless steel ball bearing swivel joint and 1-inch female NPT 
threads.  

C. Heavy duty stainless steel angle mounting bracket for column or wall mounting. 

D.  Storage for up to 75 feet of 5/8” or 3/4” I.D. hose. 

E. Pressure rated for up to 4000 psi. 

F. Unit shall be Steel Eagle, Hannay Reels, Inc., Reelcraft, or approved equal. 
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2.25 WALL HYDRANTS 

A. Exposed “antisiphon” automatic draining wall hydrant. Complete with integral backflow 
preventer, copper casing, all bronze interior parts with 1/2 turn ceramic disk cartridge 
and combination 3/4 female solder and 3/4 male pipe thread inlet. Stainless steel face 
with operating key lock. All solder connections are lead free.  Wall Hydrants shall be 
freeze proof and American manufactured 

2.26 FLOOR DRAINS 

A. Floor drains shall be located as shown on the drawings.  They shall have seepage 
flanges, nickel brass tops, and trap primer connections. 

B. Refer to plumbing fixture schedule for floor drain variations, basis of design 
manufacturer and type. 

C. Verify floor finish and type of proper top configuration. 

D. Acceptable manufacturers:  Zurn, Wade, or J.R. Smith. 

2.27 CLEANOUTS 

A. Cleanouts shall be flush with floor with adjustable round or square nickel brass top, and 
shall be the same size as the pipe except that cleanout plugs larger than 4 inches will 
not be required. 

B. Adjustable Top Assemblies:  Top assemblies shall vary with the floor finish where it is 
applied.  Verify floor finishes for proper top configuration with Design/Builder. 

C. Yard cleanouts shall be flush with grade with poured concrete anchoring/encasement, 
troweled smooth all around 

D. Acceptable products: 

1. Floor cleanout:  Zurn #ZN-1400-K-BP, J.R. Smith 4020, or Wade.  

2.  Wall Cleanout:  Zurn #Z-1446, J.R. Smith 4530, or Wade.  

3. Yard cleanout:  Zurn #Z-1449, J.R. Smith 4280, or Wade.  

2.28 ACCESS COVERS (FINISHED AREAS) 

A. Cleanouts in or behind walls shall have an access cover and frame embedded flush with 
the finished wall.  The cover shall be polished brass or nickel brass of ample size to 
provide a clear access to the cleanout. 

2.29 2.27 GASKETS AND CONNECTORS 

A. Provide new gaskets wherever gasketed mating equipment items or pipe connections 
have been dismantled.  Gaskets shall be in accordance with manufacturer's 
recommendations. 

B. Replace all assembly bolts, studs, nuts and fasteners of any kind which are bent, 
flattened, corroded or have their threads, heads or slots damaged. 
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C. Furnish all bolts, studs, nuts and fasteners for make up of all connections to equipment 
and replace any of these items damaged in storage, shipment or moving. 

PART 3 - EXECUTION 

3.01 POTABLE WATER SYSTEMS 

A. Provide cold and hot water supply systems in the buildings as indicated, making 
connections to all fixtures and equipment requiring hot and/or cold water. 

B. The Design/Buildershall provide swing or swivel joints on connections from mains to 
risers and from risers to branches. Installation shall meet or exceed all applicable 
federal, state and local requirements, referenced standards and conform to codes and 
ordinances of authorities having jurisdiction.  

C. Install gages and thermometers in straight runs of piping so they may be read from the 
floor or operating platform.  Install all gages with gage cocks. 

D. Underground Pipe 

1. The piping shown on the drawings shall be installed complete and shall be of the 
size shown.  All pipe shall be installed in such a manner that it does not bear 
directly on rocks or debris in ground.  Where pipe passes close to or through 
walls or footings, it shall be protected from contact with concrete or cinder block.  
All pipe passing through building walls shall be protected by a cast iron sleeve 
large enough to permit free movement of pipe.  All underground copper piping 
turns shall be made with a gradual curve so there is no chance of kinking or 
collapsing the pipe.  Where pipe passes through a building wall from outside to 
inside building, follow standard detail 1509211.  Where pipe passes through a 
building floor from underground to inside building, follow standard detail 
1509200. 

2. Pipe Joints 

a. Solder Joints for copper pipe:  All pipe shall be reamed to full diameter 
before joining.  Ends of pipe and inside of fittings shall be cleaned and 
flux applied to entire area of pipe end to be soldered.  On pipe 1-1/2-inch 
and larger, flux shall be applied to pipe and fittings.  Joints shall be made 
with silver solder. 

b. Install underground ductile-iron piping according to AWWA C600, and 
AWWA M41.  Install buried piping inside building between wall and floor 
penetrations and connection to water service piping outside building with 
restrained joints.  Anchor pipe to wall or floor.  Install thrust-block 
supports at vertical and horizontal offsets 

3. 3. Pipe Supports:  Earth shall be excavated to a minimum depth with an 
even surface to insure solid bearing of pipe for its entire length.  Where water 
lines cross deeper excavations, these shall be filled and tamped to the proper 
level before copper pipe is installed. 

4. Pipe Depth 
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a. Interior:  Water pipe shall NOT be permitted inside concrete slabs. 

b. Exterior: the water pipe shall have a minimum of 3 feet of cover and shall 
comply with state and local codes. 

5. Under floor water piping shall be insulated with closed cell elastomeric foam 
insulation (reference Section 15260). 

E. Aboveground Pipe: 

1. The piping shown on the drawings shall be installed complete and shall be of the 
size shown.  All piping shall be installed to allow for expansion, either parallel or 
perpendicular to the building construction.  On individual fixtures, water hammer 
arrestors shall be installed at each fixture sized per PDI recommended sizes.  On 
groups of fixtures, one water hammer arrestor (shock absorber) shall be installed 
for each group.   

2. Pipe Joints:  All pipe shall be reamed to full diameter before joining.  Ends of pipe 
and inside of fittings shall be cleaned and flux applied to entire area of pipe end 
to be soldered.  On pipe 1-1/2-inch and larger, flux shall be applied to pipe and 
fittings.  

3. Solder Joints:  Make up joints with 95% tin and 5% antimony (95-5) solder 
conforming to ASTM B32 “Solder Metal” Grade 95TA.  Solder and flux used for 
piping material providing water for human consumption shall be lead free.  Flux 
shall be non-acid, non-lead type.  Remove composition discs from solder end 
valves during soldering.  Wipe excess solder, leaving a uniform fillet around cup 
of fitting. 

4. Copper pipe shall be supported not to exceed 8 feet on center.  Plastic pipe shall 
be supported in accordance with manufacturer’s instructions, but in no case shall 
exceed 3 feet on center. 

5. Use bracket type hanger fastened to walls to support piping running adjacent to 
walls and not supported from ceilings.  Valves 3 inches and over in horizontal 
lines shall be supported independent of the pipelines. 

6. Perforated strap iron hangers or wire are prohibited. 

7. Pipe hangers shall be cleaned and painted with rust resistant paint before 
installation. 

8. Hanger supports shall be securely fastened to structural members by beam 
clamps and clips, concrete inserts, or anchors. 

9. Where pipes pass through walls and suspended ceilings, provide pipe sleeves of 
No. 20 gage galvanized iron, 1/2 inch larger than insulated pipe or bare pipe 
outside diameter. 

10. Pipe passing through floors and foundation shall be provided with sleeves of 
standard weight galvanized steel pipe.  Sleeves shall be at least 1 inch larger 
than bare pipe and 1/2 inch larger than insulated pipe outside diameter. Ends 
shall be cut square and smooth and finish flush with surface of building 
construction.  Where specifically noted, ends shall extend 1 inch above floor and 
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edges chamfered. 

11. Pipe sleeves shall be securely bedded in the building construction.  Sleeves shall 
finish flush with finished wall and ceiling lines.  Note that where covering is 
provided, it shall extend continuously through sleeves. 

12. Sleeves installed in vertical positions shall be perfectly plumb and sleeves in 
horizontal positions shall be level.  They shall be located, set, and maintained in 
position while surrounding construction work is being installed so that the center 
of each pipe shall be accurately installed in the center of the sleeve.  The space 
between the pipe or the insulation and the sleeve shall be caulked to prevent 
light or air transfer.  Where vertical sleeves occur, such as in floors or ceilings, 
special collars secured to the pipes or to the ceiling construction shall be 
provided to prevent the packing from falling out.  The standard floor and ceiling 
plates herein specified for finished areas may be used for this purpose provided 
they are firmly secured to the pipes. 

13. Pipe Insulation:  Continuous through inside walls and at all hangers; pack 
insulation around pipes with fireproof self-supporting mineral wool insulation 
material, fully sealed. 

14. Insulation for cold piping:  Insulate all fittings, including flanges, all valve bodies 
and devices associated with cold surfaces.  Maintain vapor barrier integrity. 

15. Insulation for hot and tempered water piping:  Insulate all fittings.  Do not insulate 
unions, flanges, strainers, valves, flexible connections, or expansion joints. 

16. Finish insulation neatly at hangers, supports and other protrusions or 
interruptions. 

17. Ensure hangers and cradles are properly installed to avoid crushing insulation. 

18. Install protective metal saddles and insulated inserts to prevent insulation 
compression. 

19. Insulate all exposed piping below fixtures scheduled for use by the disabled in 
accordance with ADA with pre-formed insulation kits. 

a. Truebro Lavguard 2E-Z, or equal. 

3.02 ROOF VENTS 

A. Roof stack terminals shall be flashed using 16 ounce sheet copper. 

3.03 WASTE SYSTEMS 

A. Horizontal piping shall be installed as high as possible without sags.  Install 3 inches and 
larger horizontal drain and waste piping to 1/8 inch per foot slope.  Piping 2-1/2 inches 
and smaller shall be installed at a slope of 1/4 inch per foot. 

B. Concealed piping shall be installed in time so as not to delay work of other trades and to 
allow ample time for tests and inspection. 

C. Before beginning installation work, check plumbing Drawings with architectural, 
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structural, mechanical, civil, air conditioning and electrical Drawings and make accurate 
layouts of plumbing piping.  Coordinate with other trades and report all interferences, 
discrepancies, or proposed changes to the Engineer for approval prior to beginning 
installation work. 

D. Underground piping shall be firmly bedded on solid ground as specified in Division 2.  
Soil and vent stacks shall be supported at the base by means of piers or hangers close 
to the bottom of the riser and at the floor by means of riser clamps. 

1. Each horizontal length of cast or ductile iron pipe and PVC DWV pipe shall be 
firmly fastened to wall, or otherwise suitably supported. 

2. All water risers shall be properly anchored with allowance made for expansion. 

3. Hangers, support and anchors shall be installed as required to adequately 
support the lines without interfering with their inherent flexibility.  Pipes, pipe 
installation, hangers, supports, and anchors shall conform to the requirements of 
Section 15020. 

E. Should the Design/Builderfail to accurately locate and lay out all necessary openings in 
new construction in sufficient time to incorporate same in the structure, then the 
Design/Buildershall, at no extra cost to the Owner, cut such holes as may be required 
and replace at his own expense all completed work which may have been damaged or 
destroyed by the cutting of the holes.  All such cutting shall be done under the direction 
and with the permission of the Engineer. 

F. Provide sleeves as described under potable water systems of this specification section. 

3.04 FLOOR DRAIN AND CLEANOUT INSTALLATION 

A. Floor drains shall be installed perfectly plumb and level with elevation to provide for 
proper floor pitch. 

B. Verify that the floor drains are not disturbed during floor or concrete installation. 

C. Cleanouts installed in connection with cast iron soil pipe shall consist of a long sweep 
1/4 bend or one or two 1/8 bends extended to place of access or as shown on the 
drawings.  An extra heavy cast brass ferrule with countersunk head screw plug shall be 
caulked into the hub of the fitting and shall be flush with the floor.  Cleanouts in 
connection with other pipe shall be tee pattern, 90-degree branch drainage fittings with 
screw cast brass plugs of the same size as the pipe up to and including 4-inches. 

D. Cleanout tee branches with screw plug shall be installed at the foot of soil and waste 
stacks and on each building drain outside the building.  Cleanouts on pipe concealed in 
partitions and walls shall be provided with chromium plated cast brass covers secured to 
plugs. 

E. The access covers shall be installed to provide easy and complete access to the 
cleanout plug.  Due consideration of wall construction must be given to allow for proper 
installation of frame and the installation shall be coordinated with the GC. 

F. Each cleanout, unless installed under an approved cover plate, shall be above grade, 
readily accessible, and so located as to serve the purpose for which it is intended. 
Cleanouts located under cover plates shall be so installed as to provide the clearances 
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and accessibility required by the local plumbing code.  

G. Each cleanout in piping 2- inches or less in size shall be so installed that there is a 
clearance of not less than 12-inches in front of the cleanout. Cleanouts in piping larger 
than 2-inches shall have a clearance of not less than 18-inches in front of the cleanout. 

3.05 PLUMBING FIXTURES 

A. After plumbing fixtures have been installed, fixtures and trim shall be thoroughly cleaned 
of all grease, oil, dirt, labels, stickers, and other foreign matter, and all packing materials 
shall be promptly removed from the premises.  All valves and faucets shall be adjusted 
to suit the operating water pressure and all work maintained in clean and proper 
operating condition until accepted by the Engineer. 

B. Connect water supplies from water distribution piping to fixtures. 

C. Connect drain piping from fixtures to drainage piping. 

D. Supply and Waste Connections to Plumbing Fixtures:  Connect fixtures with water 
supplies, stops, risers, traps, and waste piping.  Use size fittings required to match 
fixtures.  Connect to plumbing piping. 

E. Install fixtures level and plumb according to manufacturers' written instructions and 
roughing-in drawings. 

F. The Design/Buildershall not install any equipment or materials until the Owner and 
Engineer have approved all submittals.  

G. Install water-supply piping with stop on each supply to each fixture to be connected to 
water distribution piping.  Attach supplies to supports or substrate within pipe spaces 
behind fixtures.  Install stops in locations where they can be easily reached for operation. 

H. Installation of the plumbing fixtures and accessories shall meet the applicable 
requirements of the Accommodations for the Physically Handicapped Federal 
Regulation (36 CFR 910.34) and shall be located as shown on the Architectural 
Drawings. 

I. Install flushometer valves for accessible water closets and urinals with handle mounted 
on wide side of compartment.  Install other actuators in locations that are easy for people 
with disabilities to reach. 

J. Install toilet seats on water closets. 

K. Install faucet, flow-control fittings with specified flow rates and patterns. 

L. Install traps on fixture outlets. 

M. Seal joints between fixtures and walls, floors, and counters using sanitary-type, one-part, 
mildew-resistant, silicone sealant.  Match sealant color to fixture color.  Refer to 
Division 7 for sealant and installation requirements. 

N. Install trap primer lines and trap primers for floor drains. 

3.06 TESTING 
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A. Notify Owner and Engineer one week in advance that the items are ready for testing. 

1. Perform testing before work is concealed with construction or insulation, or 
before backfilling if piping is to be buried. 

a. Concealed piping shall be installed in time so as not to delay work of 
other trades and to allow ample time for tests and inspection. 

B. Test pressures shall be in accordance with ANSI B31.1 Code for Pressure Piping, 
Paragraphs 121(a), (b), and (c). 

1. Test pressures shall be as follows: 

a. Cold Water System - 100 psig hydrostatic. 

b. Compressed Air Water System - 100 psig hydrostatic. 

c. Drainage, Waste, and Vent – PVC - 15 psig hydrostatic. 

d. Drainage, Waste, and Vent – CAST IRON – 4.3 psig hydrostatic. 

2. All tests shall be held for at least 4 hours and until each joint has been inspected. 

3. At conclusion of testing remove special test fittings, caps, blanking plates, etc. 
and replace damaged gaskets and place systems in operation. 

C. If inspection or tests show defects or failure, such defective work, materials or failure 
shall be replaced without delay and inspection and tests repeated.  Repairs to piping and 
equipment shall be repaired or replaced with new material or equipment.  Caulking of 
screw joints or plugging leaks shall not be permitted. 

D. All water piping shall be hydraulically tested at 100 psig and proven tight for a period of 
not less than 4 hours with no loss of pressure.  Tests for each section shall be repeated 
at no additional cost to the Owner until the piping is proven tight at the specified test 
pressure. Upon completion of work, inspection shall be made by the Engineer.  All 
corrections, changes or removal of defective work shall be made by the Design/Builder 
at no cost to the Owner prior to approval of installation. 

E. E. Water and DWV Pipe Testing:  Shall be hydrostatic tested as follows, except 
where more stringent tests are required by the codes. 

1. Slowly fill with water each valved section in pipe, and apply the specified test 
pressure by means of a portable positive displacement pump connected to the 
piping in an acceptable manner. 

2. Make taps if necessary, at points of highest elevation, and plug tightly afterwards. 

3. Carefully examine all exposed pipe, fittings, valves and joints during the tests. 

4. Where joints show seepage or slight leaks repair as requested. 

5. Remove and replace any cracked or damaged pipe, fittings, valves, or other 
defective materials discovered during the test. 

6. After replacements and repairs have been made, repeat tests until work is 



 
Sustainable Water Phase 3 –  Plumbing – REV 0    
Demonstration Facility 15400-27 IFC June 2017 

satisfactory and approved. 

F. All drainage and vent piping shall be tested before fixtures are installed, by capping or 
plugging the openings and filling the entire system with water and allowing it to stand 
thus filled for three hours. 

G. All natural gas systems shall be inspected, tested, purged and placed into operation in 
accordance with NFPA 54 and as required herein. 

H. All water supply piping shall be tested before fixtures or faucets are connected. 

I. Each fixture shall be tested for soundness, stability of support and satisfactory operation 
of all its parts. 

J. Disinfection of potable water systems shall be performed in accordance with the 
procedures described in AWWA C651 or AWWA C652. 

3.07 PIPE IDENTIFICATION 

A. Pipe markers shall be located as follows: 

1. On straight runs of pipe at intervals not exceeding 100 feet. 

2. At every sectionalizing or main shut off valve. 

3. On each riser at a point 5 feet above floor or platform. 

4. On both sides of a wall or partition through which pipe passes. 

B. Markers shall be applied so they can be read from the floor. 

C. Markers shall be applied only after all insulating and painting has been completed. 

D. Surfaces shall be clean and free of dust, oil, or loose paint before applying markers. 

E. Before applying markers on insulated surfaces, smooth the surface with sandpaper.  
Clean surface of all dust after sanding. 

F. After applying each marker, wrap one turn of pipe banding tape completely around the 
circumference of the pipe at each end of the marker.  Overlap ends of marker with the 
tape and overlap the tape upon itself a minimum of 1-inch.  The pipe banding tape shall 
match the background color of the marker. 

G. Where a service is indicated on the drawings as a circulating system, the pipe marker 
legend for the particular service shall be followed by either the word “supply” or “return” 
to clarify the line function.  An arrow designating direction of flow shall follow the legend 
on each marker. 

3.08 CLEANING 

A. Clean dirt and marks and other debris from exterior of equipment weekly. 

B. Remove debris and waste material resulting from installation weekly. 

C. Properly protect all plumbing fixtures and trim at all times and temporarily close all 
openings to prevent obstruction and damage. 
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D. Maintain protective covers on all units until final clean-up time and, at that time, remove 
covers, clean and polish all fixture and trim surfaces. 

 

 -END OF SECTION-   
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SECTION 15500 
 

BASIC HVAC REQUIREMENTS 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish all labor, equipment and material for the complete 
installation of the heating, ventilation, air conditioning, piping, etc. as indicated on the 
drawings and specified herein. 

 
B. Air conditioning systems shall be furnished and installed to operate as a system.  The 

Design/Builder shall coordinate all requirements between manufacturers to insure unit 
responsibility and compatibility of the systems. 

 
1.02 SUBMITTALS 
 

A. The Design/Builder shall submit shop drawings on all equipment, accessories and 
appurtenances and all fabrication work or other mechanical and air conditioning work 
required, all in accordance with the requirements of Section 01 33 00, Submittal Procedures. 

 
B. Data to be submitted shall include but not be limited to: 

 
1. Catalog data consisting of specifications, illustrations and a parts schedule that 

identifies the materials to be used for the various parts and accessories.  The 
illustrations shall be in sufficient detail to serve as a guide for assembly and 
disassembly. 

 
2. Complete assembly, and installation drawings with clearly marked dimensions.  This 

information shall be in sufficient detail to serve as a guide for assembly and 
disassembly and for ordering parts. 

 
3. Weight of all component parts and assembled weight. 
 
4. Electrical characteristics, wiring, diagrams, etc. 
 
5. Sample data sheet of equipment nameplate(s) including information contained 

thereon. 
 
6. Insulation materials, coating, jackets, detail density, thermal conductivity and 

thickness of all insulation materials to be furnished. 
 
7. Details of special fasteners and accessories. 
 
8. Type of adhesives, binders, joint cement, mastics. 
 
9. Proposed insulation procedures and installation methods. 
 
10. Spare parts list 
 

3
2

4
1

4
-0

0
0
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11. Special tools list 
 

C. The Design/Builder shall obtain from the manufacturer and submit to the engineer copies of 
the results of all certified shop tests. 

 
D. The Design/Builder shall obtain from the manufacturer and submit to the engineer copies of 

certified letters of compliance in accordance with the Specifications. 
 
1.03 OPERATION AND MAINTENANCE MANUALS 
 

A. The Design/Builder shall submit operation and maintenance manual in accordance with the 
procedures and requirements set forth in the General Conditions and Division 1. 

 
B. Operation and Maintenance Manuals shall be submitted for all equipment. 

 
1.04 MANUFACTURER'S INSTRUCTIONS 
 

A. Installation of all equipment shall be in accordance with manufacturer's data. 
 

B. All changes from the installation procedures in manufacturers' data shall be submitted for 
approval in accordance with the requirements for shop drawings. 

 
C. Keep all manufacturers' data provided in a secure manner at the job site at all times.  

Catalog and index this data for convenient reference. 
 

D. Manufacturers' data shall be available for the information of the Owner, Engineer, and the 
use of other trades. 

 
E. Turn over all data to the Owner through the Owner's representative at completion of the 

Work and final testing. 
 

F. Furnish Owner, indexed and bound in loose leaf binders, three (3) complete sets of 
Operating and Maintenance Instructions and pertinent manufacturers' literature and 
information on all of the apparatus and equipment under this Division of the Specifications. 

 
G. Submit all instruction books and manuals in accordance with Division 1. 

 
1.05 CODES, PERMITS AND STANDARDS 
 

A. The Design/Builder shall obtain and pay for all permits and shall comply with all laws and 
codes that apply to the Work. 

 
B. The Design/Builder shall be responsible for all added expense due to his choice of 

equipment, materials or construction methods. 
 

C. All work and materials shall be in full accordance with the latest State rules and regulations 
or publications including those of the State Fire Marshall, the Uniform Plumbing Code, and 
all local codes.  Nothing in the Plans and/or Specifications shall be construed to permit work 
not conforming to the above codes, rules and regulations. 

 
D. All equipment, materials and installations shall conform to the requirements of the most 

recent edition with latest revisions, supplements and amendments of the following, as 
applicable: 
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Air Conditioning and Refrigeration Institute (ARI) 
Air Diffusion Council (ADC) 
Air Moving and Conditioning Association (AMCA) 
American Society of Heating, Refrigerating and Air Conditioning Engineers, Inc. (ASHRAE) 
American National Standards Institute (ANSI) 
American Society for Testing and Materials (ASTM) 
American Society of Mechanical Engineers (ASME) 
Factory Mutual (FM) 
National Electric Code (NEC) 
NFPA 90A - Air Conditioning and Ventilation Systems 
Occupational Safety and Health Standards (OSHA) 
Sheet Metal & Air Conditioning Design/Builders National Association (SMACNA) 
Standard Building Code - 1985 edition 
Standard Mechanical Code - 1985 edition 
Standard Plumbing Code - 1985 edition 
State and local codes, ordinances and statutes 
Underwriters Laboratories (UL) 

 
Others as designated in the specifications. 

 
1.06 QUALITY ASSURANCE 
 

A. All material and equipment shall be the latest design, new, undeteriorated, and the first 
quality standard product of manufacturers regularly engaged in the production of such 
material and equipment. 

 
B. When two or more units of the same class of material or equipment are required, they shall 

be products of a single manufacturer. 
 

C. All work shall be performed in a neat and workmanlike manner by workers skilled in their 
respective trades, and all materials and equipment shall be installed as recommended by 
the manufacturers and in accordance with specified codes and standards. 

 
D. Touch up and/or repaint to match original finishes all factory finished or painted equipment 

and materials which are scratched or marred during shipment or installation. 
 
1.07 IDENTIFICATION MARKERS 
 

A. Provide manufacturer's standard laminated plastic, color coded duct markers.  Conform to 
the following color codes: 

 
Yellow/Green: Supply air 
 
Blue: Exhaust, outside, return and mixed air 
 
Nomenclature: Include the following: 

Direction of air flow. 
Duct service (supply, return, exhaust, etc.) 

 
1.08 GASKETS AND CONNECTORS 
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A. Provide new gaskets wherever gasketed mating equipment items or pipe connections have 
been dismantled.  Gaskets shall be in accordance with manufacturer's recommendations. 

 
B. Replace all assembly bolts, studs, nuts and fasteners of any kind which are bent, flattened, 

corroded or have their threads, heads or slots damaged. 
 

C. Furnish all bolts, studs, nuts and fasteners for make-up of all connections to equipment and 
replace any of these items damaged in storage, shipment or moving. 

 
 
PART 2 -- PRODUCTS 
 
2.01 GENERAL 
 

A. Each item of equipment shall be furnished and installed complete with all supports, mounting 
frames, duct work, piping, louvers, panels, grilles, electric drive units and controls, 
mechanical equipment, electrical work, insulation and appurtenances ready for operation. 

 
B. All equipment and appurtenances shall be anchored or connected to supporting members 

as specified or as indicated on the Plans. 
 

C. All mechanisms or parts shall be amply proportioned for the stresses which may occur 
during operation or for any other stresses which may occur during fabrication and erection. 
Individual parts furnished which are alike in all units shall be alike in workmanship, design, 
and materials and shall be interchangeable.  All equipment shall be of the manufacturer's 
top line, industrial-commercial grade. 

 
D. The Design/Builder shall ascertain that all chassis, shafts, and openings are correctly 

located, otherwise he shall cut all new openings required at his own expense.  Cutting of 
new openings shall be coordinated with other trades.  Proposed new cutting shall be 
submitted to the Engineer for review and acceptance prior to cutting. 

 
E. The Plans shall be taken as diagrammatic.  The Design/Builder shall check the Structural 

Plans and sections for detail dimensions and clearances.  Sizes of ducts and their locations 
are indicated, but not every offset, fitting, or structural obstruction is shown. 

 
F. Alignment of ducts may be varied where necessary to account for slight architectural 

changes or to avoid conflict with the Work of other trades without additional expense to the 
Owner. 

 
G. All supports required for the proper installation of the equipment, but not forming an integral 

part of the building structure, shall be provided, unless specifically noted otherwise.  
Equipment shall be supported on spring-type vibration isolators. 
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PART 3 – EXECUTION  

3.01 INSTALLATION 

A. Installation shall meet or exceed all applicable federal, state and local requirements, 
referenced standards and conform to codes and ordinances of authorities having 
jurisdiction.  

B. All installation shall be in accordance with manufacturer’s published recommendations.  

3.02 CLEANING 

A. Clean dirt and marks and other debris from exterior of equipment weekly. 

B. Remove debris and waste material resulting from installation weekly. 
 

 
 
 

- END OF SECTION - 



 

 

[THIS PAGE INTENTIONALLY LEFT BLANK] 



 
Sustainable Water Phase 3 –   HVAC Pumps – REV 0   
Demonstration Facility 15512-1 IFC June 2017 

SECTION 15512 
 

HVAC PUMPS 
 
 
 
PART 1 -- GENERAL 
 
1.01 RELATED DOCUMENTS 
 

A. Drawings and general provisions of the contract, including General and Supplementary 
Conditions and Division 1 Specification Sections, apply to this section. 

 
1.02 SUMMARY 
 

A. This section includes the following categories of HVAC pumps for hydronic systems: 
 

1. End Suction Base Mounted Pumps 
 

1.03 PERFORMANCE REQUIREMENTS 
 

A. Pump Pressure Ratings: At least equal to system’s maximum operating pressure at point 
where installed, but not less than specified. 

 
1.04 RELATED SPECIFICATIONS 
 

A. Section 15990 – Testing Adjusting and Balancing 
 
B. Section 15612 – Hydronic Piping Insulation 
 
C. Section 15610 – HVAC Hydronic Piping and Accessories 

 
1.05 REFERENCE SPECIFICATIONS, CODES, AND STANDARDS 
 

A. Regulatory Requirements: Comply with provisions of the following: 
 
1. ASME B.31.9 – “Building Services Piping” for Piping materials and Installation. 
 
2. Hydraulic Institute’s “Standard for centrifugal, Rotary and Reciprocating Pumps “for 

pump design, manufacture, testing and installation. 
 
3. UL Standard 778 “Motor Operated Water Pumps” for Construction requirements. 

Include UL listing and labeling. 
 
4. NFP 70, National Electrical Code Compliance for electrical components and 

installation. 
 
5. NEMA MG 1 “Standard for Motors and Generators” for electrical motors. Include 

NEMA listing and labeling. 
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1.06 QUALITY ASSURANCE 
 
A. Manufacturer: Company specializing in the manufacture, assembly, and field performance of 

pumps with minimum three (3) years’ experience. 
 
B. Single-source responsibility: Obtain HVAC pumps of the same type from a single 

manufacturer. 
 
1.07 SUBMITTALS 
 

A. Submittals shall be in accordance with the requirements of Section 01 33 00 Submittal 
Procedures and 15500, Basic HVAC Requirements. 

 
B. In addition to the submittal requirements specified in Section 15500, submit the following: 

 
1. Product Data: 

 
a, Submit shop drawings and product data including weights (shipping, installed 

and operating), specialties and accessories, plus installation and start up 
instructions, layout and connections for HVAC pumps. Include setting 
drawings with templates and directions for installation of foundation bolts, 
anchor bolts and other anchorages. 

 
2. Record Documents:  

 
a. Submit certified pump curves showing performance characteristics with 

pump and system operating point plotted. Include NPSH curve.  For each 
pump with a motor horsepower greater than 10, submit a certified shop 
performance test curve indicating capacity, head, horsepower and flow rates 
from shutoff to 125 percent of design flow.   

 
b. For centrifugal pumps, include certification that pump impeller diameter is 

less than 85 percent of the diameter of the maximum impeller possible (not 
to exceed cutwater diameter) for the pump casing, and that fabricated 
structural steel base is of sufficient strength to prevent vibration, warping or 
misalignment of the pump.  

 
3. Operation and Maintenance Data:  

 
a. Installation instructions (operating and maintenance manuals), assembly 

views, lubrication instructions, and replacement parts list.  Assembly 
Drawings and repair parts list for each device, i.e., for the pumps, the motors 
and variable speed motor controllers as scheduled.  Drawings and literature 
provided shall be related to the units being furnished.  

 
4. Support locations and loads that will be transmitted to bases and foundations. 
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5. Complete electrical field termination drawings, wiring diagrams detailing wiring for 
power, signal and control systems, differentiating between manufacturer-installed 
wiring and field installed wiring. 

 
6. Overall equipment layout and piping interconnection drawings. 

 
7. Copies of certified shop test reports. 

 
8. Field test results. 

 
1.08 MANUFACTURER'S FIELD SERVICES 
 

A. The services of a qualified manufacturer's technical representative shall be provided for a 
period of not less than three (3) days as follows: 

 
1. At least one trip of one (1) day to check and supervise the equipment installation and 

field tests. 
 

2. One trip of one (1) day to supervise initial start-up and operation of the equipment. 
 

3. One trip of one (1) day after the equipment has been started and is operating 
properly to instruct the Owner's personnel in the proper operation and maintenance 
of the equipment. 

 
 
PART 2 – PRODUCTS 
 
2.01 GENERAL  

 
A. All materials shall meet or exceed all applicable referenced standards, federal, state and 

local requirements, and conform to codes and ordinances of authorities having jurisdiction.  
 
B. Statically and dynamically balance rotating parts.   
 
C. Capacity test for design flow after final assembly.   
 
D. Complete pump assembly, including casing, flanges and seals, suitable for the service 

intended and working pressure and temperatures scheduled for the systems.  Scheduled 
working pressure applies to the entire pump assembly including the suction and discharge 
flanges. 

 
E. Pumps to be supplied with grease lubricated ball bearings, grease fittings and relief plugs, 

unless stated otherwise hereinafter.   
 
F. Pumps shall be free of flashing and cavitation at all flow rates from 25 to 125 percent of 

design flow under the suction conditions of the actual pump installation.   
 
G. Pump critical speed at least 115 percent of the running speed listed in the schedule.   
 
H. Pump connections shall be flanged.  End suction, base mounted pumps with connection 

sizes 2 inches and less may be threaded.   
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I. Motor rated horsepower shall meet or exceed pump brake motor horsepower at pump run 
out conditions. Do not use the motor service factor.   

 
J. Paint pumps per manufacturer’s standard.  
 
K. Water pumps with extended steel base large enough to receive all drip from suction and 

discharge flanges. 
 
L. Motors:  Provide premium efficiency ODP motors (for indoor service) or TEFC Motors (for 

outdoor service). All motors shall be furnished with non-fused UL-508 Disconnect switch with 
lockable handle. 

 
M. Seismic Information: Per IBC 2012, Seismic Design Category “B”. 

 
2.02 MANUFACTURERS 
 

A. Subject to compliance with the specifications, provide products manufactured by one of the 
following: 

 
1. ITT Bell and Gossett 

 
2. Taco 
 
3. Crane 
 
4. Aurora 
 
5. Armstrong 
 
6. Stenner Pumps 

 
 

 
2.03. END-SUCTION BASE MOUNTED PUMPS 

 
A. Type:  Centrifugal, end suction, single stage, direct connected.   
 
B. Casing:  Cast iron, split volute, single suction, back pull-out design, rated for greater of 150 

psi or 1.25 times actual working discharge pressure, renewable bronze wearing rings, 
flanged suction and discharge. 
 
1. Casing with tapped openings for vent drain and seal flush.  Fit tops with petcocks 

and pipe for seal flush. 
 
2. Provide suction and discharge tapped for gauge connection. 

 
C. Impeller:  Bronze, fully enclosed, dynamically balanced keyed to shaft.  Diameter must be 

less than 85 percent of the diameter of the maximum impeller possible (not to exceed 
cutwater diameter) for the pump casing.  After testing and balancing impeller shall be factory 
trimmed to maximize efficiency. 

 
D. Shaft:  High grade alloy steel with copper, bronze or stainless steel shaft sleeves. 
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E. Bearings:  Grease lubricated type ball bearings.  Provide seal and integral dirt and water 

seal. 
 
F. Drive:  Flexible coupling with coupling guard. A flexible type coupler, capable of absorbing 

torsional vibrations shall be employed between the pump and motor, and it shall be factory 
aligned, and shall be realigned by Design/Builder after installation.      

 
G. Seals:  Mechanical seals suitable for the intended application. 
 
H. Base Plate:  High grade heat treated Cast Iron or reinforced heavy steel with integral drain 

rim grout base.   
 
I. Vibration Isolation:  pumps shall be securely mounted on skid with vibration isolators, 

neoprene rubber cork pads and spring isolators sufficient to eliminate objectionable 
vibration and noise transmission for surrounding occupied spaces. 

 

 
2.04 Peristaltic Chemical Pump 
 
A. Type:  Positive displacement self-priming peristaltic pump 
 
B. Casing:  Polycarbonate, Santoprene tubing, and Versilon check valve. 

 
1. Rollers: Polyethylene rollers with oil impregnated bronze bushings. 
 
2. Fasteners: all Stainless Steel. 

 
C. Pump Head:  Removable and replaceable pump head. 
 
D. Motor:  Heavy duty 12 VDC gear motor capable of continuous duty. 
 
E. Tube: Santoprene or Versilon easily replaceable tubing. 
 
F. Components shall be chemically resistant. 
 

 
 
 
PART 3 -- EXECUTION 
 
3.01 INSTALLATION 
 

A. Reference Section 15500, Basic HVAC Requirements and Section 15990, Testing Adjusting 
and balancing. 

 
B. Installation shall meet or exceed all applicable federal, state and local requirements, 

referenced standards and conform to codes and ordinances of authorities having 
jurisdiction.  

 
C. All installation shall be in accordance with manufacturer’s published recommendations.  
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D. Installation shall permit complete servicing without breaking piping or motor connections.   
 
E. Provide access space around pumps for service. Provide no less than a minimum of three 

(3) feet, not including piping and piping appurtenances. 
 
F. Ensure pumps operate at specified system fluid temperatures without vapor binding and 

cavitation, are non-overloading in parallel or individual operation and operate within 15 
percent of midpoint of published maximum efficiency curve. 

 
G. Decrease piping from line size with long radius reducing elbows or reducers. Support piping 

adjacent to pump such that no weight is carried on pump casings. For close coupled or 
base mounted pumps, provide supports under elbows on pump suction and discharge lines 
for sizes 4 inches and larger.  

 
H. For centrifugal pumps provide line-sized shut-off valve and strainer on pump suction side 

and line sized soft seated check valve and isolation gate valve on pump discharge. 
 
I. Provide air cock and drain connection on horizontal pump casings. 
 
J. Provide drains for bases and seals, piped to and discharging into floor drains. 
 
K. Lubricate centrifugal pumps before Start-up. 
 
L. Prior to Start-up, level and align pump base plate, pump and driver.  Provide metal 

supporting blocks, wedges and shims as required.  Rigidly bolt pump base plate to the 
concrete base.  For centrifugal pumps 25 horsepower and larger, dowel the pump and 
motor to the base after final alignment.   

 
M. Mount nameplate on both pump motors and gauge board. 
 

3.02 CONNECTIONS 
 
A. Connect piping to pumps as indicated. Install valves that are the same size as piping 

connecting to pumps 
 
B. Install suction and discharge pipe sizes equal to or greater than the diameter of pump 

nozzles. 
 
C. Install check valve and throttling valve on discharge side of in-line circulators. 
 
D. Install Flexible connectors on suction and discharge side of base-mounted pumps and 

where indicated. Install Flexible connectors between pump casing and valves, except where 
other arrangement is indicated. 

 
E. If applicable, Install check and gate valve on discharge side of base mounted pumps. 
 
F. Install pressure gauges on pump suction and discharge. Install at integral pressure gauge 

tappings where provided. Include pet’s plug at gauge for calibration. 
 
G. Install temperature and pressure gauge connector plug in suction and discharge piping 

around each pump. 
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H. Install electrical connections for power, controls and devices. 
 
I.  Electrical power, control wiring and connections are specified in Division 16 Sections 

 
3.03 FIELD QUALITY CONTROL 
 

A. Check suction piping connections for tightness to avoid drawing into pumps. 
 
B. Clean strainers. 
 
C. Set pumps controls. 

 
3.04 COMMISSIONING 
 

A.  Final checks before startup : Perform the following preventive maintenance operations and 
checks before startup : 
 
1. Lubricate Bearings 
 
2. Remove grease –lubricated bearings covers, flush bearings with kerosene and clean 

thoroughly. Fill with new lubricant according to manufacturer’s recommendations. 
 
3. Disconnect coupling and check motor for proper rotation that matches direction 

marked on pump. 
 
4. Check that pumps are free to rotate by hand. Pumps for handling hot liquids shall be 

free to rotate with pump hot and cold. Do not operate pump if it is bound or even 
drags slightly until cause of trouble is determined and corrected. 

 
5. Check that pump controls are correct for required application. 
 

B. Starting procedure for pumps with shutoff power not exceeding safe motor power: 
 
1. Prime pumps, openings suction valve, closing drains, and preparing pumps for 

operation. 
 
2.  Open cooling water supply valves in cooling water supply to bearings, where 

applicable. 
 
3.  Open circulating line valves if pumps should not be operated against dead shutoff. 
 
4.  Start motors. 
 
5.  Open discharge valves slowly. 
 
6.  Check general mechanical operation of pumps and motors. 
 
7. Close circulating line valves once there is sufficient flow through pumps to prevent 

overheating. 
 
C. When pumps are to be started against closed check valves with discharge shutoff valves 
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open, steps are the same, except that discharge valves are opened sometime before motors 
are started. 

 
D. Refer to Section 15990 Testing, Adjusting and Balancing for detailed requirements for 

testing, adjusting and balancing hydronic systems.  Provide factory trimmed impeller from 
TAB report. 

 
 
 

- END OF SECTION - 



Sustainable Water Phase 3 –  Fans – REV 0   
Demonstration Facility 15590-1 IFC June 2017 
   

SECTION 15590 
 

FANS 
 
 
 
PART 1 -- GENERAL 
 
1.01 GENERAL REQUIREMENTS 
 

A. All parts of the equipment furnished shall be amply designed and constructed for the 
maximum stresses occurring during fabrication, erection and continuous operation.  All 
materials shall be new and both workmanship and materials shall be of the very best 
quality, entirely suitable for the service to which the unit is to be subjected and shall 
conform to all applicable sections of these specifications.  All parts of duplicate equipment 
shall be interchangeable without modification.  Manufacturer's design shall accommodate 
all the requirements of these specifications.   

 
B. All anchor bolts, washers, clips, clamps and fasteners of any type shall be constructed of 

316 stainless steel.   
 

C. All fan motors shall be provided with high premium energy efficient totally enclosed fan 
cooled type, unless otherwise noted. 

 
D. Provide exhaust fans which have been tested and rated in accordance with AMCA 

standard, and bear AMCA Certified Ratings Seal.  Provide exhaust fans which are listed 
UL and have UL label affixed, and which are designed, manufactured, and tested in 
accordance with UL 705 "Power Ventilators" 

 
E. Provide motors and electrical accessories complying with NEMA standards. 

 
F. Fans shall be standard prefabricated units of the type, size and arrangement indicated on 

the Drawings.  All fans shall be rated and constructed in accordance with the Air Moving 
and Conditioning Association.  Special construction materials, coatings and multi-speed 
fan motors shall be provided as indicated on the Drawings. 

 
G. Impellers/Propellers shall be rigidly constructed, accurately balanced dynamically and 

statically at the speed at which it is scheduled to operate and free from objectionable 
vibration or noise.  Fans with corrosion resistant coatings shall be balanced after being 
coated. 

 
H. Fans shall have no overloading characteristics for the horsepower indicated.  All points on 

the fan brake horsepower curve shall not exceed the motor horsepower rating.  In addition, 
for belt driven fans, the motor horsepower output shall account for drive losses per AMCA 
203-90 Figure L-. 

 
I. Vbelt drives shall be rated at least 50 percent greater than the rated motor horsepower, 

and shall have sheaves which can vary the fan speed by 10 percent above or below the 
rating point.  The fan motor shall be mounted on an adjustable heavy mounting plate. 

 
J. The operating fan speed shall be no greater than 85% of the maximum allowable fan 
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speed for the selected model. 
 

K. In general, all capacities of equipment and motor and starter characteristics are shown in 
schedules on the Drawings. Reference shall be made to the schedules for such 
information. The capacities shown are minimum capacities.  Variations in capacities of the 
scheduled equipment supplied under this Contract will be permitted only with the written 
direction of the Engineer. 
 

L. Motors and wheel diameters shown on the schedules are the minimum.  If a larger wheel 
diameter or horsepower is required, it shall be so quoted and noted. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

 
A. Section 15000 – Basic Mechanical Requirements 

 
B. Section 15500 - Basic HVAC Requirements 

 
C. Section 15598 – Metallic Ductwork and Duct Accessories 

 
D. Section 15599 – HVAC Fiberglass Reinforced Plastic Ductwork and Duct Accessories 

 
E. Section 15950 – HVAC Automatic Temperature Controls 

 
F. Section 15990 – Testing, Adjustment, and Balancing 

 
1.03 SUBMITTALS 
 

A. The Design/Builder shall submit shop drawings on all equipment, accessories and 
appurtenances and all fabrication work required for all equipment specified in this section 
in accordance with Section 01 33 00, Submittal Procedures.   

 
B. The Design/Builder shall submit shop drawings for fan supports, locating and identifying 

each support, brace, hanger, guide, component and anchor.  Fan support systems shall 
be designed and Shop Drawings prepared and sealed by a Registered Professional 
Engineer of state of Virginia and shall comply with all Seismic Anchorage and Bracing 
requirements of the Virginia Construction and Mechanical Code. 

 
C. Required information shall include: 

 
1. Horsepower, voltage, and rotating speed of motors. 
 
2. Total weight of the equipment plus the approximate weight of the shipped 

materials.   
 
3. Complete erection, installation, and adjustment instructions and 

recommendations. 
 
4. Fan performance curve at the operating speed, minimum, and maximum speeds.  

Provide brake horsepower curve for the operating speed. 
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5. Details of corrosion resistance coating. 
 
6. Detailed construction information and data sheets for all accessories such as roof 

curbs, dampers, damper operators disconnect switches, vibration isolators etc. 
 
7. Example equipment nameplate data sheet. 
 
8. Interconnecting wiring diagrams. 
 
9. List of recommended lubricants. 
 
10. Special Tools List 
 
11. Reports of Certified Shop Tests 
 
12. AMCA Approval for Fan Ratings 
 
13. Sound data 
 
14. Manufacturer’s Installation Certification 
 
15. Manufacturer’s Field Test Results Certification 
 

D. The Design/Builder shall submit to the Owner a color chart of available colors for the 
corrosion coating to be applied to fans as indicated in the Contract Documents.  The 
Owner shall select the final color choice. 
 

1.04 OPERATION AND MAINTENANCE MANUALS 
 

A. The Design/Builder shall submit complete operation and maintenance manuals in 
accordance with the procedures and requirements set forth in Section 01 33 00, Submittal 
Procedures. 

 
1.05 MANUFACTURERS 
 

A. The materials covered by these specifications are intended to be equipment of proven 
reliability and as manufactured by reputable manufacturers having experience in the 
production of such equipment.  The equipment furnished shall be designed, constructed, 
and installed in accordance with the best practices and methods and shall operate 
satisfactorily when installed as shown on the Contract Drawings and operated per 
manufacturer's recommendations. 

 
1.06 MANUFATURER’S INSTRUCTIONS 

 
A. Installation of all equipment shall be in accordance with manufacturer’s data. 

 
B. All changes from the installation procedures in manufacturers' data shall be submitted for 

approval in accordance with the requirements for shop drawings. 

C. All parts of the equipment furnished shall be amply designed and constructed for the 
maximum stresses occurring during fabrication, erection and continuous operation.  All 
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materials shall be new and both workmanship and materials shall be of the very best 
quality, entirely suitable for the service to which the unit is to be subjected and shall 
conform to all applicable sections of these specifications.  All parts of duplicate equipment 
shall be interchangeable without modification.  Manufacturer's design shall accommodate 
all the requirements of these specifications. 
 

1.07 EXTRA MATERIALS & SPECIAL TOOLS 
 

A. Provide one additional set of specified fan belts, sheaves, and filters for each unit, 
packaged for storage.  Tag products to identify associated units. 

 

B. Furnish all special tools necessary to disassemble, service, repair and adjust the 
equipment. 

 
 
PART 2 -- PRODUCTS 
 
2.01 GENERAL 

 
A. Product Manufacturer: Provide products from one of the following: 

 
1. Greenheck 

 
2. Twin City 

 
3. Loren Cook 

 
4. Aerovent 

 
5. Or Approved Equal 
 

 
 
2.02 WALL PROPELLER FANS  

 
A. Fans shall be an airfoil propeller fan with integral wall panel.  The power assembly shall 

be bolted to a heavy duty wall panel with continuously welded corners and an integral 
venturi.  The fan and wall panel shall be all aluminum construction. 

 
B. The propeller shall be extruded aluminum air foil design with cast aluminum hub.  The hub 

shall be keyed and locked to the shaft utilizing two set screws or a taper lock bushing. 
 

C. Propeller shall be balanced in accordance with AMCA Standard 204-05. 
 

D. Provide fans which are listed by UL and have a UL label affixed, and which are designed, 
manufactured, and tested in accordance with UL 705 "Power Ventilators". 

 
E. Fans shall be V-belt or direct driven as indicated on the drawings or as contained herein. 

 
F. The motor, bearings, and drives shall be mounted on a heavy duty aluminum power 

assembly. 
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G. Fans shall have internal terminal box mounted on the exterior for ready wiring. 

 
H. Adjustable motor plates shall utilize threaded rods to provide positive belt tensioning. 

 
I. Bearings shall be heavy duty re-greaseable ball type in a cast iron pillow block housing 

selected for a minimum L10 life in excess of 50,000 hours at maximum catalogued 
operating speed. 

 
J. Belts shall be oil and heat resistant, static conducting. 

 
K. Drives shall be keyed and securely attached to the wheel and motor shafts. 

 
L. All drives shall be variable pitched type and shall be sized for 150 percent of the installed 

motor horsepower.   
 

M. Provide OSHA motor guard to prevent accidental contact with motor or fan blades.  The 
guard shall be of aluminum construction. 
 

N. Provide aluminum wall sleeve. 
 

O. See Section 2.07 of this specification for additional requirements. 
 

2.03 TUBE AXIAL INLINE MIXED FLOW FAN 
 

A. Non-overloading mixed flow wheel with single thickness blades of aluminum construction 
that has been statically and dynamically balanced in accordance with AMCA Standard 
204-05. 

 
B. Provide fans which are listed by UL and have a UL label affixed, and which are designed, 

manufactured, and tested in accordance with UL 705 "Power Ventilators". 
 

C. Motor shall be heavy duty ball bearing type matching the fan and pre-wired to the specific 
voltage and phase.  Motor shall be totally enclosed fan cooled type. 
 

D. Fan shaft shall be ground and polished steel with anti-corrosive coating.  The first critical 
speed shall be at least 25% over maximum operating speed.  Bearings shall have 
extended lubrication line and a minimum equivalent L10 average life of 100,000 hours. 
 

E. Housing shall have universal mounting system and include vanes to straighten the airflow 
prior to leaving the fan. 
 

F. Fan shall be V-belt driven with OSHA belt guard.  The belt shall be oil and heat resistant 
and static conducting. 
 

G. Drives shall be keyed and securely attached to the wheel and motor. 
 

H. See section 2.07 of this specification for additional requirements. 
 

2.04 UPBLAST CENTRIFUGAL EXHAUST FANS 
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A. Centrifugal fans shall be backwardly inclined, non-overloading blades of aluminum 
construction.  Wheel inlets shall overlap an aerodynamic aluminum inlet cone. 

 
B. Wheel shall be balanced in accordance with AMCA Standard 204-05. 

 
C. Provide exhaust fans which are listed by UL and have UL label affixed, and which are 

designed, manufactured, and tested in accordance with UL 705 "Power Ventilators". 
 

D. Fans shall be direct driven as indicated on the drawings. 
 

E. The aluminum base shall have a one piece inlet spinning and continuously welded curb 
cap corners. 

 
F. The two piece top cap shall have stainless steel quick release latches to provide access 

to the motor compartment without the use of tools. 
 

G. Fans shall have internal terminal box mounted on the exterior for ready wiring. 
 

H. The motor shall be separated from the exhaust air stream. 
 

I. Bearings shall be heavy duty regreasable ball type in a cast iron pillow block housing 
selected for a minimum L50 life in excess of 200,000 hours at maximum catalogued 
operating speed. 

 
J. Drives shall be keyed and securely attached to the wheel and motor shafts. 

 
K. All drives shall be variable pitched type and shall be sized for 150 percent of the installed 

motor horsepower.   
 

L. Fans shall have an electrostatically applied and baked-on corrosion-resistant polyester 
resin coating. 

 
M. See Section 2.07 of this specification for additional requirements. 

 
2.05 LAB EXHAUST CENTRIFUGAL FANS 

 
A. Centrifugal fans shall be airfoil, non-overloading blades of aluminum construction 

continuously welded.  Wheel inlets shall overlap an aerodynamic aluminum inlet cone. 
 

B. Wheel shall be balanced in accordance with AMCA Standard 204-05. 
 

C. Provide supply fans which are listed by UL and have UL label affixed, and which are 
designed, manufactured, and tested in accordance with UL 705 "Power Ventilators". 

 
D. Fans shall be V-belt or direct driven as indicated on the Contract Drawings or as contained 

herein. 
 

E. The fan shall utilize all aluminum construction. 
 

F. The aluminum base shall have continuously welded curb cap corners. 
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G. Fans shall have adjustable motor mounting plate with threaded studs for positive belt 
tensioning.  

 
H. Fans shall have internal terminal box mounted on the exterior for ready wiring. 

 
I. The motor shall be separated from the exhaust air stream. 

 
J. Bearings shall be heavy duty regreasable ball type in a cast iron pillow block housing 

selected for a minimum L50 life in excess of 200,000 hours at maximum catalogued 
operating speed. 

 
K. Belts shall be oil and heat resistant, static conducting. 

 
L. Drives shall be keyed and securely attached to the wheel and motor shafts. 

 
M. All drives shall be variable pitched type and shall be sized for 150 percent of the installed 

motor horsepower.   
 

N. Fan shall have an exhaust air exit height of at least 10’ and a nozzle that produces and 
exit velocity of at least 3,000 FPM. 
 

O. See Section 2.07 of this specification for additional requirements. 
 
2.06 DELUXE INLINE BATH FAN 

 
A. Bath fan shall have low profile and low sound levels when operating.  Fan shall have 

forward curved centrifugal wheel. 
 

B. Motors shall have thermal overload protection 
 

C. Housing shall be galvanized steel and have integral backdraft damper. 
 
 

 
2.07 ADDITIONAL REQUIREMENTS FOR ALL FANS 
 

A. The following additional requirements shall apply to all fans. 
 

1. Backdraft or motor-operated dampers shall be provided and installed in the 
openings as indicated on the Contract Drawings. 

 
2. All fans shall be provided with either integral or supplementary spring vibration or 

sound-absorbing mountings. 
 
3. Where indicated, roof mounted exhaust fans shall be mounted on a prefabricated 

roof curb. 
 
4. All motors unless indicated otherwise in this Specification or the Contract Drawings 

shall be TEFC.  The break horsepower at any point on the fan curve for the design 
speed shall not exceed the motor nameplate horsepower.  The break horse power 
shall include all applicable belt drive losses.  Using the motor service factor shall 
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be prohibited. 
 
5. All equipment shall be seismically secured and restrained in accordance with the 

Seismic Restraint Manual, Guidelines for Mechanical Systems, latest edition, as 
published by the Sheet Metal and Air Conditioning Design/Builders National 
Association, Inc. (SMACNA) and designed in accordance with the seismic 
provisions of ASCE-7 and the current Virginia Construction Code to the extent that 
the most stringent provisions are utilized in developing the design seismic forces.   

 
6. Non-fiberglass fans shall receive a corrosion resistant coating where indicated on 

the Drawings.  The coating shall be an epoxy coating suitable for protecting the 
equipment from continuous exposure to air containing hydrogen sulfide 3ppm.    
The coating shall be applied to all surfaces of the fans including but not limited to 
fan wheels, propellers, hubs, structural components, housings (interior and 
exterior), inlet boxes, dampers, screens, lube lines, curb boxes, and curb box 
adapters.  A UV resistant top coat shall be applied to all coating systems that are 
not rated for UV exposure.  The Design/Builder shall submit and coordinate the 
available color choices to the Owner for final color selection. 

 
 

2.08 DAMPERS 
 

A. See the respective sections in Sections 15598 and 15599 for construction requirements. 
 

B. Dampers shall be coordinated to operate and interface with the fan being furnished. 
 

C. Dampers shall be sized to fit the specified openings. 
 
2.09 PREFABRICATED ROOF CURBS AND WALL MOUNTING HARDWARE 
 

A. Prefabricated roof curbs and wall mounting hardware shall be installed where indicated 
on the Drawings or as specified herein.  The curbs shall be fabricated of .064 inch sheet 
aluminum with all joints heliarc welded.  Cants and roof flanges shall be an integral part of 
the curb.  The inside of the curb shall be insulated with rigid glass-fiber thermal and 
acoustical liner of approximately 3-lb. density and 1-1/2 inch minimum thickness with a 
neoprene or equal coating for protection from erosion.  The lining shall conform to NFPA 
90A Standards with a flame spread and fuel contributed rating not exceeding 50.  
Pressure-treated wood nailers shall be provided at the tops of the curbs.  The curbs shall 
be sized to suit equipment.  Roof curbs shall be a nominal of 12-inches above the height 
of the roof unless indicated otherwise on the Contract Drawings.  The roof curbs shall 
receive an epoxy corrosion resistant coating on the interior and exterior surfaces that is 
suitable for the conditions indicated in the Additional Requirements for All Fans section 
above. 

 
 

PART 3 -- EXECUTION 
 
3.01 MANUFACTURER’S FIELD SERVICES 

 
A. Manufacturer’s field services shall be in accordance with Specification 01610, Materials 

and Equipment and as specified herein.  
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B. Assist Design/Builder during installation to include observation, guidance, and instruction 

of the manufacturer’s recommended procedures for assembly, erection, installation and 
application. 
 

C. Inspect, check, and adjust equipment as required for equipment to function as guaranteed. 
 

D. At a minimum, the number of days indicated below shall be provided on an 8-hour-day on-
site basis and shall be in addition to travel time.  The number of days at the site shall be 
increased as necessary, without change to the proposal price or schedule, to accomplish 
the Work of this Section.  Minimum service durations by the manufacturer are as follows: 
 

Service Number of Trips Number of Days/Trip 

Installation Supervision 1 1 

Functional Testing 1 1 

Performance Testing 1 1 

 
E. Training shall be provided by the manufacturer in accordance with Vendor Training 

Specification. 
 

F. A written report covering the manufacturer’s representative's findings at each visit and at 
installation approval shall be submitted to the Engineer.  The report shall cover all 
inspections and shall outline in detail any deficiencies noted and all corrective measures 
taken or recommended. 

G. After final field tests are completed and passed, submit certificates according to Div 1 
Specifications. 
 
 

3.02 INSTALLATION 
 

A. Design/Builder shall install fans in accordance with manufacturer's installation instructions 
and recognized industry practices to insure that ventilators serve their intended function. 

 
B. Design/Builder shall coordinate fan work with work of walls, and ceilings, as necessary for 

proper interfacing. 
 

C. Connect ducts to fans in accordance with manufacturer's installation instructions. 
 
3.03 FIELD QUALITY CONTROL 
 

A. Testing:  After installation of fans has been completed, test each fan to demonstrate proper 
operation of units at performance requirements as specified.  When possible, field correct 
malfunctioning units, then retest to demonstrate compliance.  Replace units which cannot 
be satisfactorily corrected.  See Section 15616, HVAC Testing, Adjusting and Balancing 
for testing requirements. 

 
B. Cleaning:  Clean factory-finished surfaces.  Repair any marred or scratched coatings with 

a coating specified by the equipment manufacturer for repairs. 
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- END OF SECTION - 
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SECTION 15598 
 

METALLIC DUCTWORK & DUCT ACCESSORIES 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish and install all ductwork, fittings, and accessories as 
shown on the Drawings and in accordance with the Specifications. 

 
B. The equipment shall be furnished complete with all accessories, special tools, base 

attachments, mountings, anchor bolts and other appurtenances as specified or as may be 
required for a complete installation. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 15500 - Basic HVAC Requirements 
 

B. Section 15990 – HVAC Testing, Adjustment, and Balancing 
 

1.03 SUBMITTALS 
 

A. The Design/Builder shall submit shop drawings on all new and modified ductwork, 
accessories and appurtenances and all fabrication work required for all equipment 
specified in this section in accordance with Section 01 33 00, Submittal Procedures. 
 

B. The Design/Builder shall submit shop drawings for supports for new and modified 
ductwork.  The shop drawings shall locate and identify each support, brace, hanger, guide, 
component and anchor.  Ductwork support systems shall be designed and Shop Drawings 
prepared and seal by a Registered Professional Engineer of The Commonwealth of 
Virginia and shall comply with all Seismic Anchorage and Bracing Requirements of the 
Virginia Construction Code 2012. 
 

C. The Design/Builder shall submit shop drawings for support of multi-section dampers and 
louvers.  The shop drawings shall identify all supports and reinforcement required to allow 
the multi-section dampers and louvers to be rated for the maximum pressure of the 
individual damper and louver sections.  The support system shall be designed and 
calculations prepared and sealed by a Registered Professional Engineer of The 
Commonwealth of Virginia.   
 

1.04 WARRANTY AND GUARANTEE 
 

A. Warranty and Guarantee shall be as specified in Section 11000 with the exception that 
the warranty period shall be for two (2) years. 

 
PART 2 -- PRODUCT 
 
2.01 GENERAL REQUIREMENTS 
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A. All work shall be constructed and installed in a first class workmanlike manner in 
accordance with the recommendations given in the latest edition of the Sheet Metal & Air 
Conditioning Contractors National Association (SMACNA) HVAC Duct Construction 
Standards and Round Industrial Duct Construction Standards, unless otherwise specified.   

 
B. All ductwork shall be constructed in accordance with the Schedule of Duct Construction 

Standards listed on the last page of this section.  Transverse duct connections shall be 
bolted, gasketed connections. 

 
C. All ducts shall conform accurately to the dimensions indicated on the Drawings, shall be 

straight and smooth on the inside with neatly finished joints, and shall not be decreased 
at any point to avoid obstructions.  No piping, conduit or structural work shall be installed 
in or through any ductwork.  All ductwork shall be run as close as possible to structural 
members, walls and ceilings.  Duct work shall be as shown on the drawings, subject to 
such modifications as may be necessary to suit field conditions. 

 
D. Where existing walls, floors or roofs must be penetrated, the Design/Builder shall neatly 

cut the required openings and patch the existing work to provide a neat and finished 
appearance. 

 
E. All ducts shall be made reasonably tight throughout and shall have no openings other than 

those required for the proper operation and maintenance of the systems. 
 

F. Minimum thickness for metal ducts shall be per SMACNA guidelines, but in no instance 
shall be less than 20 gauge for steel ducts and 14 gauge for aluminum ducts.   

 
G. Supports for ducts shall be provided and securely fastened in place at every change in 

direction and as required to prevent deflection. 
 

H. Changes in size of ducts shall be by means of a taper transformation piece, the included 
angle of the taper being not more than 20 degrees. 

 
I. All duct work joints shall be sealed to achieve a SMACNA Seal Classification Rating as 

indicated in the ductwork schedule of this specification. 
 

J. The weight of material used for ducts and stiffeners, the fabrication methods, cross 
breaking of flat duct surfaces, and assembling of the ductwork shall conform to the Duct 
Manual and Sheet Metal Construction for Ventilating and Air Conditioning Systems 
published by the Sheet Metal and Air Conditioning Contractors National Association, Inc.  
Beaded duct construction shall not be used. 

 
K. All duct panels shall be braced or reinforced as necessary, in addition to the minimum 

requirements in the ASHRAE Guide, to eliminate vibration and noise and to prevent 
deflection from the indicted shapes and dimensions. 

 
2.02 STAINLESS STEEL, GALVANIZED STEEL, AND ALUMINUM DUCT 
 

A. Ductwork material shall be as indicated in the duct schedule in Part 3 of this specification.   
 

B. Stainless Steel:  ASTM A480/A480M, Type 316 having a number 2D finish for all 
applicable ducts and of adequate strength and rigidity to meet the conditions of the service 
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and installation requirements, and shall be properly protected where subject to mechanical 
injury. 

 
C. Galvanized Sheet Steel:  Lock-forming quality; complying with ASTM A 653/A 653M and 

having G90 (Z275) coating designation; ducts shall have mill-phosphatized finish for 
surfaces exposed to view. 

D. Aluminum:  ASTM B209, alloy 1100, 3003, or 5052 for all applicable ducts and of adequate 
strength and rigidity to meet the conditions of the service and installation requirements, 
and shall be properly protected where subject to mechanical injury. 
 

E. Transverse duct connections for rectangular ducts shall be bolted, gasketed connections 
made with standard Ductmate 35 System as manufactured by Duct Mate Industries, 
W.D.C.I. or approved equal.  All longitudinal seems shall be Pittsburg Z, or better.  Duct 
flange system material shall match the duct material.  Gaskets shall be suitable for 
exposure to hydrogen sulfide 2ppm. 

 
F. Transverse duct connections for round ducts shall be bolted, gasketed connections in 

accordance with chapter 12 of SMACNA Round Industrial Duct Construction Standards.  
Duct connections shall be the same material as the duct.  Utilize longitudinal seam 
ductwork.  Gaskets shall be suitable for exposure to hydrogen sulfide 2 ppm and outdoor 
use. 

 
G. All ductwork shall be shop fabricated in sections with flanged ends.  The Ductmate 35 

flange system shall be factory spot welded to the ductwork.  No field welding of ductwork 
shall be permitted.  Welding equipment and electrodes shall be of a type specifically suited 
for welding light gauge 316 stainless steel or aluminum, as applicable, to provide 
consistently good quality welds.   

 
H. All duct sections shall be constructed and installed without forming dips and traps. 

 
I. All ducts shall have a minimum clearance of three (3) inches from all combustible material. 

 
2.03 HANGERS AND SUPPORTS 
 

A. All ductwork shall be securely hung and anchored to the building structure.  Unless 
otherwise shown or specified, hangers and stiffeners for ducts shall conform with the 
recommendations given in the SMACNA HVAC Duct Construction standards and 
SMACNA seismic restraint manual.  Ducts shall be supported on trapeze hangers 
consisting of angles and rods. Use of strap hangers and straps is prohibited. 

 
B. All hangers, rods, supports, bolts, nuts, washers, inserts, and appurtenances shall be 

constructed of the same material as the ductwork that it supports.   
 

C. All ductwork shall be supported from trapeze type hangers.  Stainless/Galvanized steel 
hanger rods shall be minimum 3/8 inch for all ducts with half perimeter up to 72 inches, 
and ½ inch diameter for all ducts with half perimeter larger than 72 inches.  Aluminum 
hanger rods shall be of sufficient diameter to achieve the equivalent strength of the steel 
hanger rods for the sizes indicated.  A pair of rods shall be provided at each duct support 
point.  Maximum hanger spacing shall be 8 feet for ducts with half perimeter up to 72 
inches and 6 feet for ducts with half perimeter larger than 72 inches. 
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D. Hanger Construction and installation shall conform to SMACNA Standards, except as 
specified.  No sheet metal duct hangers or straps will be allowed. 

 
E. Support shall be furnished at each fitting.  Material of supports shall match duct material. 

 
F. Seismic & Wind Requirements: All ductwork shall be provided with seismic and wind 

restraints in accordance with the Seismic Restraint Manual, Guidelines for Mechanical 
Systems, as published by SMACNA, in accordance with the Virginia Building Code, the 
indicated design wind speed, and ASCE-7 to the extent that the most stringent provisions 
are utilized.  Material of seismic and wind restraints shall be as specified herein.  A 
calculation signed and sealed by a Professional Engineer of the Commonwealth of Virginia 
shall be provided verifying that the installed supports meet the seismic and wind 
requirements.  See section 01350, Seismic Anchorage and Bracing and the Structural 
Design Drawings for additional details and requirements. 

 
2.04 ACCESSORIES 
 

A. Manual Volume & Backdraft Dampers in Rectangular Stainless Steel or Galvanized steel 
Duct: 

 
1. Manufacturer:  Provide products of one of the following: 

 
a. Greenheck 

b. Ruskin 

c. Nailor 

d. or equal 

2. Frame, blade, axle, bearings, jamb seal, and linkage materials:  Match ductwork. 
 

3. Blades:   
 
a. Opposed blades for volume dampers and parallel blades for backdraft 

dampers; 

b. Vinyl edge seals, thermoplastic elastomer seals for corrosive/chemical 
services. 

 
4. Damper shafts shall be solid hexagonal or square shape. 

 
5. Linkage shall be concealed in damper frame. 

 
6. Provide outside handle, quadrant and approved position indicator and locking 

device on volume dampers. 
 

7. Reference:  SMACNA Standards. 
 

B. Backdraft Dampers in Round Stainless Steel or Galvanized steel Duct: 
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1. Manufacturer: Provide products of one of the following: 
a. Ruskin 
b. Greenheck 
c. Nailor 
d. Or equal 
 

2. Frame, blade, axle, bearings: Match ductwork 
 

3. Damper shall be of the two blade design mounted on separate axles and shall be 
suitable for horizontal or vertical installations 

 
4. Blades shall be retained in the closed position by a tensioned spring.  The spring 

shall be field adjustable 
 
5. Seal shall be a vinyl foam 

 
C. Stainless Steel Motorized Dampers: 

 
1. Manufacturer:  Provide products of one of the following: 

 
a. Ruskin 

b. Greenheck 

c. or equal 

2. Frame, blade, axle, bearings, jamb seal, and linkage materials: 316 Stainless 
Steel. 

 
3. Blades:   

 
a. Opposed blades (control) and Parallel blades (shut-off) 

b. Vinyl edge seals, thermoplastic elastomer seals for corrosive/chemical 
services. 

4. Damper shafts shall be solid hexagonal or square shape. 
 

5. Actuators shall be externally mounted to the damper and shall be a minimum of 
NEMA 2.  All actuators shall be enclosed in a NEMA 4X case unless otherwise 
specified.  Actuators located in classified spaces shall be enclosed in a NEMA 7 
case unless otherwise specified.  See Section 15608-HVAC Electric Control 
Systems for actuator requirements. 
 

6. Damper leakage rate shall not exceed 3 cfm/sq. ft. at 1” w.g. 
 

7. Reference:  SMACNA Standards. 
 

D. Aluminum Motorized Dampers: 
 

1. Manufacturer:  Provide products of one of the following: 
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a. Ruskin 

b. Greenheck 

c. Or equal 

2. Frame, blade, axle, bearings, jamb seal, and linkage materials: 6063T5 Aluminum 
 

3. Blades: 
 
a. Opposed blades (modulating control) and Parallel blades (2 position shut-

off) 

b. Neoprene blade edge seals and flexible metal compressible jamb seals. 

4. Damper shafts shall be solid hexagonal or square shape. 
 

5. Actuators shall be externally mounted to the damper and shall be a minimum of 
NEMA 2.  All actuators shall be enclosed in a NEMA 4X case unless otherwise 
specified.  Actuators located in classified spaces shall be enclosed in a NEMA 7 
case unless otherwise specified. 

 
6. Reference:  SMACNA Standards. 

 
E. Duct Mounted Fire Dampers in Fire Walls with Rating of 2 Hours or Less: 

1. NFPA 90A rated for 1-1/2-hour service. 

2. Blades, frame, and mounting angles same material as ductwork. 

3. Accordion style folded blades. 

4. 165 degrees F fusible link. 

5. Approved for installation with 2-hour fire rating. 

6. Rated, manufactured, tested, and approved in accordance with UL 555. 

7. Blades out of airstream when open (Style B). 

8. Furnish with sleeved frame for duct connections. 

9. Labeled for use in static mode. 

10. Furnish dynamic and horizontal mounted dampers with springs for proper closure. 

11. Corrosive Service Dampers: Type 316 stainless steel. 

12. Manufacturers and Products: 
 
a. Nailor Industries; Model 0130, Type B. 

 
b. Ruskin; (D)IBD20, Type B. 
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F. Duct Mounted Fire Dampers in Walls with 3-Hour or Greater Fire Rating: 

1. NFPA 90A rated for 3-hour service. 

2. Blades, frame, and mounting angles. 

3. Accordion style folding blades. 

4. 165 degrees F fusible link. 

5. Approved for installation in 4-hour wall. 

6. Rated, manufactured, tested, and approved in accordance with UL 555. 

7. Blades out of airstream when open (Type B). 

8. Furnish with sleeved frame for duct connection. 

9. Labeled for use in static mode. 

10. Furnish dynamic and horizontal mounted dampers with springs for proper closure. 

11. Corrosive Service Dampers: Type 316 stainless steel. 

12. Manufacturers and Products: 
 
a. Nailor Industries; Model 0530, Type B. 

 
b. Ruskin; IBD23, Type B. 

G. Combination Louver/Dampers: 
 

1. Manufacturer:  Provide products of one of the following: 
 
a. Ruskin 

 
b. Greenheck 

 
c. Approved Equal 

 
2. Frame, blade, axle, bearings, jamb seal, and linkage materials: 6063T5 Aluminum 

 
3. Inside and outside of all parts shall be coated with a corrosion resistant coating.  

The coating shall be Kynar 500 or approved equal.  Final color selection shall be 
provided by the Owner.  The Design/Builder shall submit a full color chart for 
selection and approval. 

 
4. Frame shall be 0.125 inches thick 

 
5. Front Blades: 

 
a. Drainable with minimum wall thickness of 0.081 inch 
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b. Blades shall be angled at 37 degrees 

 
6. Rear Blades: 

 
a. Double wall airfoil shape with minimum wall thickness of 0.14 inch 

b. Linkage shall be concealed in the frame 

c. Bearings shall be stainless steel 

d. Axles shall be stainless steel 
 

7. Damper shafts shall be solid hexagonal or square shape. 
 

8. Seals: 
 
a. Blade edge seals shall be extruded vinyl 

 
b. Jamb seals shall be compressible type of aluminum construction 

 
9. Drain gutters shall be in head frame and each blade 

 
10. Downspouts in jambs shall drain water from louver 

 
11. Provide aluminum bird screens.  Screens shall be expanded and flattened type. 

 
 
 

H. Filter Bank: 
 

1. Manufacturer: Provide products of one of the following: 
 
a. Flanders 

 
b. or equal 

 
2. Housing and internal rack materials shall match the associated ductwork material. 

 
3. Filter box shall have flanged duct connections.   

 
4. Filters bank shall be V-type arrangement with a minimum of two (2) 2” MERV 8 

pleated filters.  Filters shall be water resistant type. 
 
5. Filter bank shall have a differential pressure switch set to indicate when the filters 

are dirty.  The contacts shall be located in a NEMA 12 rated enclosure in spaces 
that have unclassified area classifications.  In areas that have area classifications, 
the contacts shall be in a NEMA 7 rated enclosure or the device shall be rated for 
installation in spaces that are classified as Class I, Div I or Div II.   

 
I. Sheet Metal Safing:  Provide sheet metal safing of the same material as the duct, to close 

off and seal airtight all unused areas behind louvers. 
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J. Screens:  ½-inch (13 mm) mesh, with screen material matched duct material, framed with 

bolt holes unless indicated otherwise. 
 

K. Registers and Grilles: 
 

1. Manufacturer:  Provide product(s) of one of the following: 
 
a. Titus (Basis of Design, model numbers scheduled on drawings) 

b. Anemostat 

c. Price Industries 

d. Nailer Industries, Inc. 

e. Hart and Cooley. 
 

2. Units shall be factory-fabricated of Type 316 stainless steel construction for 
stainless steel and FRP ductwork and aluminum for aluminum or galvanized steel 
ductwork.  They shall distribute the specified air volume (cubic feet per minute). 

 
3. Outlets for diffusion, spread, throw, and noise level shall be as required for 

specified performance.   
 

4. Diffusers and registers shall be provided with volume damper with accessible 
operator, unless otherwise indicated; or if standard with the manufacturer, an 
automatically controlled device will be acceptable.  Volume dampers shall be 
opposed blade type for all diffusers and registers. 

 
5. Registers shall be provided with sponge-rubber gasket between flanges and wall 

or ceiling.  
 

6. An additional volume damper shall be installed in duct stub to each air outlet for 
balancing of air volume. 

 
7. Supply Registers:   

 
a. Supply registers shall be double deflection type, complete with adjustable 

vertical face bars and a key operated opposed blade damper.  
 

8. Air extracting devices shall be installed at all collar take-offs to supply registers.  
The air extracting devices shall have two sets of individually adjustable blades to 
equalize flow and control volume at collar takeoffs and shall be gasketed around 
the perimeter. 

 
9. Exhaust and Return Registers and Grilles: 

 
a. Exhaust and return registers shall be furnished with fixed vertical face bars, 

set straight, and a key operated opposed blade damper.   
 

L. Duct-Mounted Access Doors and Panels: 
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1. Provide access doors at all duct connections dampers for access and maintenance 

of damper motor actuators and linkages. 
 

2. Fabricate doors and panels airtight and suitable for duct pressure class. 
 

3. Seal around frame attachment to duct and door to frame with neoprene. 
 

4. Door and frame to be of same material as duct. 
 

M. Flexible Connectors unless indicated otherwise shall meet the following requirements: 
 

1. Self-extinguishing material shall meet NFPA 90A, NFPA 701 and UL-214 
Standards. 

 
2. Material:  

 
a. Commercial grade neoprene coated woven fiberglass, Proflex by 

DUCTMATE, or approved equal. 
 

b. Corrosion/chemical resistant applications shall be of Teflon coated woven 
fiberglass fabric. Minimum density 18 oz./sq. yd. and rated to 500 F. 

 
3. Extra wide edge connectors factory fabricated with a strip of fabric.  Material of 

connectors shall match duct material. 
 

N. Instrument Test Holes: Material to suit duct material, including screw. Size holes to allow 
insertion of pitot and other testing instruments, and length to suit duct insulation thickness. 

 
O. Turning Vanes:  

 
1. Turning vanes shall be double wall turning vanes fabricated from the same material 

as the duct. Mounting rails shall have friction insert tabs that align the vanes 
automatically. 

 
2. Tab spacing shall be as specified in Figure 2-3 of the 1995 SMACNA Manual, 

“HVAC Duct Construction Standards, Metal & Flexible” Second Edition standard.  
Rail systems with non-standard tab spacing shall not be accepted. 

 
3. Due to tensile loading, vanes shall be capable of supporting 250 pounds when 

secured according to the manufacturer’s instructions.  
 

P. Drip Pans 
 

1. Drip pans shall be welded 16 gauge, type 316 Stainless Steel. 
 

2. Drip pans shall extend 2” beyond the dimensions of the equipment of ductwork 
above on all sides.   

 
3. Drip pan shall have a minimum 1” lip. 
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4. Drip pan shall be sloped to a ¾” copper type L drain line such that pooling or 
standing water is prevented.  The drain shall be continuously sloped a minimum of 
1/8” per foot.  The drain shall terminate 6” above the sink or nearest floor drain. 

 
5. Provide a dielectric coupling between the stainless steel drip pan and copper drain 

line to prevent contact between dissimilar metals. 
 

6. Design/Builder shall coordinate drip pan supports with the existing structural 
construction above.  The Design/Builder shall provide all supplemental beams and 
channels needed.  The support system shall be capable of supporting the weight 
of a full drip pan plus an additional 300 lb. load.  

 
7. See Section 15990 - HVAC Testing, Adjusting, and Balancing for drip pan testing 

procedures. 
 

Q. Electric Duct Heater 
 

1. Duct heater shall consist of a cabinet, heating coil, and headers. 
 

2. Duct heater cabinet materials shall match duct material.  Cabinet shall have 
flanged connections for mating with adjacent ductwork.  The cabinet shall be 
reinforced to limit deflection to ½” and prevent casing pulsing and vibration.   
 

3. Heating elements shall consist of stainless steel or 80/20 NiCr. 
 
4. Provide access doors in duct. 
 
 

 
5. Controls 

 
a. The Design/Builder shall furnish a circuit to control the duct heater based 

on leaving air temperature, a duct mounted thermostat shall be installed 
downstream.  See Schedules. 
 

R. Flexible Ductwork 
 
1. Flexible ductwork shall be installed per most current versions of SMACNA “Duct 

Construction Standards: Metal and Flexible”, IMC, ADC “Flexible Duct 
Performance & Installation Standards”, ASHRAE recommendations, and 
manufacturer installation instructions.  
 

2. Acceptable manufacturer shall be: 
a. Hart & Cooley 
b. J.P. Lamborn Co. 
c. Thermaflex 
d. Royal Metal Products, Inc. 

 
3. Flexible duct work shall not sag, kink, loop, or be compressed. 

 
4. Flexible duct work shall be installed only at connections between register/grilles 

and branch ducts.  The length of flexible duct shall not exceed 5’. 
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2.05 DUCT INSULATION 

 
A. Products and Manufacturers: 

 
1. Provide insulation as made by one of the following: 

 
a. Armacell – AP/Armaflex FS 

 
b. Aeroflex – Aerocel 

 
c. or equal 

 
B. Insulation 

 
1. Type: Elastomeric Closed Cell Foam 

 
2. FM Approved 

 
3. Application 

 
a. 1.5-inch thick where insulation is required.  See Part 3 for required 

insulation installation locations. 
 

4. Average thermal conductivity not to exceed 0.28 (Btu-in)/(hr-FT2-°F) at mean 
temperature of 75° F, temperature range -40° to 220° F; permeability not to exceed 
0.20 by ASTM E96; water absorption 3 percent by ASTM D1056 and ozone 
resistant.  The insulation shall have a flame spread rating of less than 25 and a 
smoke development of less than 50 per ASTM-E84. 

 
5. Insulation shall be sealed vapor tight using an adhesive at all joints.  The adhesive 

shall have a flame spread of less than 25 and a smoke development of less than 
50 when tested per ASTM-E84. 

 
C. Jacket 

 
1. All insulation shall receive a 316 stainless steel jacket for stainless steel ductwork 

and aluminum for all other duct materials.  The jacket shall be a minimum of 0.016 
nominal thickness.  Exposed insulation ends such as duct discharge points or 
overlapping insulation shall receive caps made of the same material as the 
jacketing. 
 

2. Jacketing shall be secured with straps of the same material as the jacketing. 
 
 
PART 3 -- EXECUTION 
 
3.01 DELIVERY, STORAGE, AND HANDLING 
 

A. Protect shop-fabricated and factory-fabricated ductwork, accessories and purchased 
products from damage during shipping, storage and handling.   
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B. Prevent end damage and prevent dirt and moisture from entering ducts and fittings.  
Where possible, store ductwork inside and protect from weather. If necessary to store 
outside, store above grade and enclose with waterproof wrapping. 
 

3.02 INSTALLATION OF DUCTWORK 
 

A. Examine areas and conditions under which ductwork is to be installed.  Do not proceed 
with work until unsatisfactory conditions have been corrected in a manner acceptable to 
Installer.  

 
B. Assemble and install ductwork in accordance with recognized industry practices, 

Manufacturer’s installation instructions, and SMACNA standards to achieve the seal and 
leakage classes indicated in the Duct Construction Table at the end of this specification.   

 
C. Install each run with minimum number of joints. Align ductwork accurately at connections, 

within 1/8" misalignment tolerance and with internal surfaces smooth.  
 

D. Support ducts rigidly with suitable ties, braces, hangers and anchors of type which will 
hold ducts true-to-shape and to prevent buckling.  Support vertical ducts at every floor. 

 
E. Field Fabrication:  Complete fabrication of work at project as necessary to match shop-

fabricated work and accommodate installation requirements. 
 

F. Locate ductwork runs, except as otherwise indicated, vertically and horizontally and avoid 
diagonal runs wherever possible. Locate runs as indicated by diagrams, details and 
notations or, if not otherwise indicated, run ductwork in shortest route which does not 
obstruct useable space or block access for servicing building and its equipment.   

 
G. Hold ducts close to walls, overhead construction, columns, and other structural and 

permanent enclosure elements of building.  Limit clearance to 3" where furring is shown 
for enclosure or concealment of ducts, but allow for insulation thickness, if any.  Where 
possible, locate insulated ductwork for 1" clearance outside of insulation. Wherever 
possible in finished and occupied spaces, conceal ductwork from view, by locating in 
mechanical shafts, hollow wall construction or above suspended ceilings.   

 
H. Do not encase horizontal runs in solid partitions, except as specifically shown.  Coordinate 

layout with suspended ceiling and lighting layouts and similar finished work. 
 

I. Turning vanes shall be installed in all miter elbows to permit air to make the abrupt turns 
with a minimum of turbulence.  The turning vanes shall be quiet and free from vibration 
when the system is in operation.  Vanes shall be installed in all short radius elbows in 
accordance with SMACNA Duct Construction standards.   
 

J. Flexible duct shall be fully supported and shall not extend more than 5’ in length. 
 

K. The dial regulators for manual volume dampers shall be marked so that the "open" and 
"shut" positions are clearly identified.  The dial regulators on insulated ductwork shall be 
mounted on an elevated platform which will finish flush with the surface of the insulation.  
Manual volume dampers shall be located at accessible points and wherever possible 
some distance from a duct transition or fitting.  Care shall be taken during installation to 
make certain that sheet metal fasteners do not protrude into the duct and interfere with 
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damper operation.  Volume dampers shall be provided in each branch duct take off and in 
both ducts downstream of each trunk duct split.   

 
L. Duct access doors shall be provided before and after duct mounted coils, within working 

distance of, and on the fusible link side of all fire dampers, adjacent to volume dampers, 
on the linkage side of automatic dampers, duct mounted sensors, and at all other 
apparatus requiring service or inspection in the duct system.  Access doors shall be a 
minimum of 15 x 18 inches; where the size of the duct will not accommodate this size the 
doors shall be made as large as practical.  The doors shall be rigid and airtight, and 
provided with neoprene gaskets, hinges and sash locks.  Whenever space requirements 
are such that a hinged access door is impractical, a screw fastened lift-out door shall be 
provided instead. 

 
M. Test openings shall be installed in the ductwork at the points listed below.  The openings 

shall be sealed by a screw cap and gasket, and shall be installed so that the insulation is 
not disturbed when the cap is removed.  The test openings shall be located as follows in 
all heating, ventilating, air conditioning, and dehumidification systems: 

 
1. Upstream and downstream of each coil 

 
2. In the outside air duct adjacent to the unit 

 
3. In the return air duct adjacent to the unit 

 
4. In the main supply duct on single zone units and in each zone supply duct on 

multizone units 
 

5. Upstream and downstream of each filter bank 
 
6. As indicated on the Contract Drawings 

 
N. Air filter gauges for measuring the differential pressure through all filter banks shall be 

supplied and installed; one gauge shall be installed for each bank.  The gauge shall be of 
the inclined tube differential type complete with 1" thick acrylic plastic body, 
mirror-polished scale, built-in level vial, over pressure safety traps, signal flags, 2 vent 
valves for zeroing gauge, 2 static pressure tips, two 5-foot lengths of 1/4" stainless steel 
tubing, 2 compression fittings, mounting hardware, a bottle of red gauge oil and 
instructions.  The gauges shall have a range of 0-1.0 inch water column with minor 
divisions of .02 inch water column. 

 
O. The Design/Builder shall install prefabricated roof curbs before the installation of roofing. 

 

P. All air outlets shall be with rigid connection to the ductwork. 
 

Q. After the installation is completed, the Design/Builder shall seal all joints air tight.  Sealants 
and tape shall have a flame spread not greater than 25 and a smoke developed rating of 
not over 50 per ASTM E-84. 

 

3.03 INSULATION INSTALLATION 
 

A. Insulation shall be installed on all outdoor ductwork carrying conditioned air, all ductwork 
carrying conditioned air through unconditioned spaces, and all ductwork carrying 
unconditioned air through conditioned spaces.  Conditioned air is any air that has received 
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any heating, cooling, or dehumidification from HVAC equipment.  Conditioned spaces are 
any spaces that receive conditioned air.  Return and exhaust ductwork serving a 
conditioned space is considered conditioned air. 
 

B. Ductwork carrying cooled conditioned air passing through spaces that only receive heated 
conditioned air shall be insulated.  Ductwork carrying cooled air for spaces that require 
year round cooling such as electrical rooms, shall be insulated when passing through 
spaces that are provided heated conditioned air during the heating season. 
 

C. Follow manufacturer’s installation instructions and recommended adhesives.  The 
installation method shall provide a continuous vapor barrier. 
 

D. The insulation vapor barrier shall be maintained through all supports, flanges, 
reinforcement, and penetrations.  Where the duct weight would deform the insulation 
material at supports, the Design/Builder shall use fiberglass insulation blocks.  The blocks 
shall be the same thickness as the insulation.  The vapor barrier shall be maintained using 
a system approved by the insulation manufacturer for spanning the insulation block. 
 

3.04 DAMPER AND LOUVER INSTALLATION 
 

A. The Design/Builder shall install dampers and louvers per the manufacturer’s installation 
instructions.   
 

B. The Design/Builder shall install all reinforcement required for multi-section dampers and 
louvers to all the assembly to withstand the rated velocity and pressure of the individual 
damper and louver sections.   
 

3.05 EQUIPMENT CONNECTIONS 
 

A. Connect metal ductwork to equipment as indicated, provide flexible connection for each 
ductwork connection to equipment mounted on vibration isolators, and/or equipment 
containing rotating machinery.  Provide access doors as indicated in the Contract 
Drawings and Specifications. 

 
3.06 ADJUSTING AND CLEANING 
 

A. Clean ductwork internally, unit by unit as it is installed, of dust and debris.  Clean external 
surfaces of foreign substances which might cause corrosive deterioration of metal or, 
where ductwork is to be painted, might interfere with painting or cause paint deterioration. 

 
B. At ends of ducts which are not connected to equipment or air distribution devices at time 

of ductwork installation, provide temporary closure of polyethylene film or other covering 
which will prevent entrance of dust and debris until time connections are to be completed. 

 
3.07 SERVICES SCHEDULE 
 
 
 
 

DUCT CONSTRUCTION SCHEDULE 
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SERVICE 
PRESSURE 
CLASS 

DUCT 
MATERIAL 

SEAL 
CLASS 

LEAKAGE 
CLASS 

CONSTRUCTION 
STANDARDS 

Lab Exhaust +/- 2 inwg. 
Stainless 

Steel (SS) or 
FRP 

A 6 
SMACNA HVAC Duct 
Construction Standards 

Ozone Room +/- 2 inwg. SS or FRP A 12 
SMACNA HVAC Duct 
Construction Standards 

Hypo & Hydroxide +/- 2 inwg. FRP A 12 
SMACNA HVAC Duct 
Construction Standards 

Assorted 
Chemical Room 

+/- 2 inwg. SS or FRP A 12 
SMACNA HVAC Duct 
Construction Standards 

Occupied Spaces +/- 2 inwg. 
Galvanized 

Steel 
C 12 

SMACNA HVAC Duct 
Construction Standards 

 
Note:  See Specification Section 15599 for FRP Ductwork and Ductwork Accessories 

requirements. 
 

- END OF SECTION - 
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SECTION 15599 

HVAC FIBERGLASS REINFORCED PLASTIC (FRP) DUCTWORK AND DUCT 
ACCESSORIES 

PART 1 -- GENERAL 

1.01 SUMMARY 

A. This section shall govern the materials, fabrication, and installation of FRP ductwork that 
is used for the purposes of conveying air associated with heating, ventilation, and air 
conditioning systems shown on the HVAC Design Drawings.  This section shall not govern 
FRP ductwork associated with any odor control duct or ductwork shown on the Mechanical 
Design Drawings. 

B. Design/Builder shall furnish any and all labor, materials, equipment, services and 
incidentals required to field measure, install, field test, complete and place in satisfactory 
operation all Fiberglass Reinforced Plastic (FRP) ductwork contained in this Section as 
shown on contract drawings and as specified herein. 

C. Design/Builder shall be system supplier, where ductwork Manufacturer’s professional 
engineer shall provide Design/Builder with complete materials and mechanical 
engineering necessary to satisfy all ductwork design requirements of this Section. 

1.02 RELATED WORK 

A. Section 15500 – Basic HVAC Requirements 

B. Section 15598 – Metallic Ductwork and Duct Accessories 

C. Section 15990 – Testing, Adjustment, and Balancing 

1.03 REFERENCES 

A. The most recently published standards at time contract to manufacture fiberglass 
ductwork are entered into shall govern requirements imposed on the Manufacturer. 

B. In the event of conflict, inconsistency or ambiguity between these references and the 
specific project requirements, the following order of precedence shall govern where 
laminate quality, dimensional accuracy and conformance to this specification are brought 
into question: 

1. This ductwork specification Section. 

2. Contract drawings. 

3. FRPI practices, specifications and bulletins. 

4. References within this paragraph 1.3, where ASTM D2563 definitions shall take 
precedence over ASTM C582 for types and quantity limitations. 
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C. Building Codes: 

1. Virginia Uniform Statewide Building Code  

2. International Code Council – IBC 2012 

D. Air Movement and Control Association (“AMCA”): 

1. AMCA 500-D - Laboratory Methods of Testing Dampers for Rating. 

2. AMCA 511 - Certified Ratings Program for Air Control Devices. 

E. American Society of Mechanical Engineers (“ASME”): 

1. ASME RTP-1 - Reinforced Thermoset Plastic Corrosion Resistant Equipment 

F. American Society for Testing and Materials (“ASTM”): 

1. ASTM C582 - Standard Specification for Contact-Molded Reinforced 
Thermosetting Plastic (RTP) Laminates for Corrosion Resistant Equipment. 

2. ASTM D695 – Standard Test Method for Compressive Properties of Rigid Plastics. 

3. ASTM D696 - Standard Test Method for Coefficient of Linear Thermal Expansion 
of Plastics. 

4. ASTM D883 - Standard Definition of Terms Relating to Plastics. 

5. ASTM D2471 - Standard Test Method for Gel Time and Peak Exothermic 
Temperature of Reacting Thermosetting Resins. 

6. ASTM D2563 - Standard Practice for Classifying Visual Defects in Glass-
Reinforced Plastic Laminate Parts. 

7. ASTM D2583 - Standard Test Method for Indentation Hardness of Rigid Plastics 
By Means of a Barcol Impressor. 

8. ASTM D2584 - Standard Test Method for Ignition Loss of Cured Reinforced 
Resins. 

9. ASTM D3299 - Standard Specification for Filament-Wound Glass-Fiber-
Reinforced Thermoset Resin Corrosion-Resistant Tanks. 

10. ASTM D3982 - Standard Specification for Contact Molded “Fiberglass” (Glass 
Fiber Reinforced Thermoset Resin) Ducts. 

11. ASTM D5421 - Standard Specification for Contact Molded “Fiberglass” (Glass-
Fiber-Reinforced Thermosetting Resin) Flanges. 

12. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building 
Materials. 
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G. Fiberglass Reinforced Plastics Institute (“FRPI”): 

1. FRPI SP9000 - Laminating Process Certification. 

2. FRPI SP9100 - Laminate Certification. 

3. FRPI LS600 - Brominated Bis-A Epoxy Vinyl Ester Laminates with One (1) C-Glass 
Veil and MEKP/CoNap Cure System. 

1.04 DEFINITIONS 

A. General: 

1. The term “Manufacturer” where used in this Section, refers to the entity which 
designs, engineers, fabricates and provides quality control and field inspection 
services for ductwork provided under this Section. 

2. The term “Resin Supplier” where used in this Section, refers to the entity which 
produces resin for distribution. 

3. Acronyms: 

a. “Bis-A” is “Bisphenol-A” 

b. “CA” is “Corrosion Allowance” 

c. “CB” is Corrosion Barrier 

d. “CoNap” is “Cobalt Napthinate” 

e. “EVER” is “Epoxy Vinyl Ester Resin” 

f. “FR” is Fire Retardant 

g. “MEKP” is “Methyl Ethyl Keytone Peroxide” 

h. “OS” is Outer Surface 

i. “PE” is “Polyester” 

j. “SL” is Structural Layer 

k. “SS” is “Stainless Steel” 

l. Standard definitions of terms relating to FRP as described in ASTM D883. 

B. Design: 

1. FRPI SP9100 definitions for laminate lay-up composition. 

2. ASTM D2563 definitions for types and quantity limitations of visual defects. 
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3. Minimum dimensions: Where minimum dimensions are specified in reference 
standards and this Section, the dimensions specified shall include any tolerances 
allowed by industry standards and shall be interpreted as absolute minimums for 
purposes of determining compliance with this Section.  Such minimum dimensions 
shall not be construed to be in lieu of engineering calculations or demonstration of 
design as required of Manufacturer per this Section. 

4. Corrosion allowance:  Where a corrosion allowance is specified in this Section it 
shall be interpreted to require that thickness of inner corrosion barrier specified 
shall be added to minimum structural thicknesses shown within industry standard 
tables or determined through use of industry standard rules, other design 
equations, stress analysis and lamination analysis.  The thickness and physical 
properties associated with an inner corrosion barrier that is specified as a corrosion 
allowance shall not contribute to strength of material and be regarded as sacrificial 
layers. This additional thickness shall apply to all components possessing an inner 
corrosion barrier and outer corrosion barrier where such outer barrier is regarded 
as a wetted or process side surface. Thickness shown within industry standards 
shall be interpreted to mean structural layer thicknesses. 

1.05 SUBMITTALS 

A. Detailed Manufacturer shop drawings, including: 

1. Ductwork dimensions for each major component and assembly, with all nozzles, 
joints and accessories located and dimensioned. 

2. Ductwork data table indicating sizes, thickness and weight, piece numbers, 
diameter, pressure rating, chemical service temperature limit and maximum 
allowable spans. 

3. Construction details such as reinforcing ribs, transitions, reducers, elbows, access 
points, turning vanes, louvers, dampers plus FRP buildups, shear collars, flanges, 
lugs and pedestals used at support locations. 

4. Nozzle schedule with construction details demonstrating conformance to this 
specification.  Schedule shall include nozzle mark number, flange inside and 
outside diameter, flange and neck thicknesses, attachment overlays, bolt circle 
diameter, number and diameter of bolt holes and recommended torque limits. 

5. Outside and inside overlay joint details such as width, thickness, taper and material 
composition plus field trim allowance at field joint locations.  Identify shop and field 
joint locations. 

6. Identification of materials of construction for all components. 

7. Support arrangement, with recommended anchoring and restraint methods. 

8. Location of permanent and temporary labeling as required by this Section. 
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B. Detailed Design/Builder supplied drawings, including: 

1. Support, anchor, guide and restraint FRP dimensions for coordination with 
Manufacturer’s related engineering and shop drawings plus installation by 
Design/Builder as required per this Section. 

C. Data requirements, including: 

1. Design calculations substantiating support, anchor, guide and restraint FRP 
shapes required for the ductwork support system. 

2. Manufacturer’s ductwork catalogs, descriptive literature and specifications. 

3. Manufacturer’s design calculations and stress analysis substantiating materials 
shown on Manufacturer’s drawings, including: 

a. Ductwork wall thickness. 

b. Reinforcing ribs and locations. 

c. Flanges over 36-in diameter or 120-in perimeter in the case of rectangular 
flanges. 

d. Support spans plus guide, anchor and restraint locations. 

e. FRP shear collars for vertical support and/or anchor interface. 

f. Expansion and contraction, with loads at flexible connectors identified. 

g. Color stress plots supporting pipe stress analysis where performed. 

h. Any and all other such ductwork design calculations required to fulfill the 
requirements of this Section. 

4. ASTM test records demonstrating proof of physical properties used in design 
calculations. 

5. List showing size and quantity of FRP shop and field joints required for installation. 

6. Specifications and details for: 

a. Gaskets and fasteners 

b. Expansion joints and flexible connectors 

c. Volume and shutoff dampers and louvers 

d. Corrosion coating for non FRP components 

e. Other accessories 
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7. Letter from Resin Supplier confirming laminate design specified within this Section 
and detailed on drawings is suitable for intended service. 

8. Permanent and temporary ductwork labels. 

9. Copy of Manufacturer’s AMCA certification, which demonstrate dampers and 
louvers are certified according to 500-D and 511 standards. 

10. Manufacturer’s Certificate of Proper Installation. 

D. Provide all submittals as also required and published in FRPI Standard Practice SP9100 
Laminate Certification, including quality control documents such as: 

1. In process and final inspection reports, including demonstration of material, 
dimensional and visual quality conformance to this specification.  Reports shall 
include non-conformity and corrective action for any deviations found. 

2. Factory inspection and testing report: 

a. Resin gel time testing per ASTM D2471 

b. Visual inspection per ASTM D2563 

c. Barcol hardness per ASTM D2583. 

d. Acetone sensitivity. 

E. Installation, Operation and Maintenance Manual shall include: 

1. Instructions for shipping, receiving, handling, storage, installation, FRP field butt 
wrap joints and flange connections. 

2. Material Safety Data Sheets for all materials included in FRP field butt wrap joint 
kits. 

3. Copy of Manufacturer’s warranty statement for ductwork as required by this 
Section. 

4. Manufacture’s recommend initial ductwork inspection interval. 

F. Design/Builder’s procedures for:   

1. Chemical segregation, spill containment and placarding for hazardous material 
storage and use areas. 

2. Managing fiberglass dust and styrene emissions propagated through cutting, 
grinding and laminating operations conducted during installation. 

G. Design/Builder’s field FRP work inspection and testing report: 

1. Alignment, pitch and fit up tolerances. 
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2. Out of round or square tolerances. 

3. Resin gel time testing per ASTM D2471. 

4. Butt wrap joint tracking checklist, including surface preparation and material 
utilization. 

5. Visual inspection per ASTM D2563. 

6. Barcol hardness per ASTM D2583. 

7. Acetone sensitivity. 

1.06 QUALITY ASSURANCE 

A. All design calculations, drawings and other engineering related submittals provided by 
Design/Builder and Manufacturer are to be stamped by a licensed Professional Engineer 
employed full time or contracted by the Design/Builder or Manufacturer. 

B. Reference to names of Manufacturers within this specification is for the sole purpose of 
setting a quality standard desired. 

C. To ensure standardization of appearance, Manufacturer’s services, operations, 
maintenance, and all ductwork and fittings must be completely fabricated by a single 
Manufacturer.  Outsourcing FRP ductwork components and contracting manufacturing 
labor is not permitted, with the exception of stub flanges incorporated into nozzle 
fabrications as specified herein. 

D. Design/Builder shall provide systems complete and ready for use, do work in accordance 
with all federal, state and local codes and ordinances and arrange for all permits, 
inspections, tests and registrations necessary for satisfying safety, environmental and 
other requirements. 

E. This specification Section and related contract drawings provide a general description for 
ductwork, but do not include sufficient detail for design, fabrication, installation and startup.  
Design/Builder shall provide such equipment and services so that systems are complete 
and ready for operation. 

1.07 DELIVERY, STORAGE AND HANDLING 

A. Manufacturer shall properly prepare and protect ductwork from damage under normal 
circumstances. 

B. Ductwork shall be shipped complete, with no fiberglass related laminating work, assembly 
or fabrication permitted outside of Manufacturer’s facility other than field joints shown on 
drawings. 

C. Ductwork shipped horizontally shall be mounted on padded cradles of sufficient size to 
prevent damage and adequately support the ductwork circumference.  Suitable skid or 
dunnage shall be provided for ductwork shipped in other orientations.  Cradles, skids and 
dunnage shall stay with ductwork for protection prior to installation. 
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D. Sufficiently cross brace openings to maintain roundness or squareness within standard 
tolerances.  Plug or cover all openings to prevent entrance of undesirables such as dirt, 
water or debris. 

E. Protect all flange faces with securely fastened durable flat blinds, ensuring that blind 
covering material extends to or beyond flange edges. Blind material and attachment 
method shall not cause abrasion or delamination to any flange surfaces or bolt holes 
during shipping, storage or installation. 

F. Accessories not reliably attached to ductwork for transportation purposes and cradled or 
skidded shall be properly packaged and shipped to prevent damage.  No nesting of 
smaller ductwork inside larger is permitted.  No components or accessories are allowed 
to be shipped inside ductwork. 

G. Load ductwork on truck with sufficient clearances all around to eliminate potential adjacent 
interferences.  Firmly secure and protect all freight to prevent shifting or other movement 
during transportation.  Nozzles, lugs, brackets or other projections shall not be used for 
securing, lifting or rotating ductwork. 

H. Manufacturer shall properly package butt wrap field joint materials and supplies: 

1. Each fiberglass butt and wrap field joint shall be individually packaged in a water 
proof container and labeled, with all reinforcement precut by the Manufacturer and 
properly sequenced in the package. 

2. Labeling shall designate size, location keyed to drawings and laminate sequence. 

3. One (1) extra kit per joint type and size shall be provided. 

4. Resin and Catalyst (hardener) shall be packaged and properly labeled in 
Department of Transportation (DOT) approved five (5) gallon or smaller pails.  
Separate pails must be provided for Inner Corrosion Barrier, Structural Layer and 
Outer Surface resin, Finish Coat resin and Paste used to fill allowable gaps at fit 
up of joints. 

5. An extra 35% more resin shall be supplied than theoretically required given butt 
and wrap kit resin to glass ratios. 

6. Resin shipped for field work shall have a minimum three (3) month shelf life, with 
non-consumed resin removed from the jobsite upon completion of the installation. 

7. A sufficient quantity of cups, brushes, stir sticks and rollers required shall be 
supplied by Manufacturer and bulk packaged.  Cups and brushes shall be solvent 
resistant, whereas all materials shall be suitably sized for work to be performed. 

I. Skids and cradles shall be configured and oriented during transport for ease of offloading 
and handling at site with crane or lift truck. 

J. Store all field butt wrap joint materials and related supplies furnished by Manufacturer in 
an area that is dry, between 35 and 75°F for maximum shelf life, properly protected from 
humidity and away from any direct sunlight and potential source of ignition or fire. 
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1.08 SEQUENCING AND SCHEDULING 

A. Design/Builder shall make and submit to Manufacturer any and all field measurements 
confirming ductwork requirements plus support, anchor, guide and restraint details prior 
to Manufacturer’s development of design, engineering calculations and drawings as 
required under Part 1.5 Submittals.  Such information furnished by Design/Builder shall 
include identification of ductwork piece numbers, field joints and trim locations. 

B. Where Design/Builder directly procures and supplies material interconnected with 
ductwork, Design/Builder shall coordinate:  

1. As built outside diameter of ductwork FRP buildups with Design/Builder supplied 
support, anchor, guide and restraint steel products such that padded steel is 
fabricated to provide full contact with ductwork buildups as shown on 
Manufacturer’s drawings. 

2. Results of Manufacturer thermal expansion and contraction plus seismic 
calculations with Design/Builder supplied steel products plus expansion joint and 
flexible connector manufacturers to assure ductwork system design compatibility 
such that loads are properly restrained and/or absorbed. 

3. Fit-up of Design/Builder supplied dampers and louvers, gaskets, fasteners and 
other such materials. 

C. Ductwork and related materials shall not be fabricated by Manufacturer until Engineer 
confirms receipt and acceptance of design calculations. 

D. Delivery of ductwork shall be planned such that existing or new openings shall be utilized 
for installation.  Ductwork shall not be cut or otherwise modified to facilitate installation or 
accommodate obstructions. 

1.09 WARRANTY 

A. Manufacturer’s standard warranty shall warrant in writing that their products are free from 
defects in design, material and workmanship under normal use and service for a period of 
two (2) years commencing from date work under paragraphs 3.2 below is complete. 

1.10 TOLERANCES 

A. All tolerances pertaining to measurements such as laminate thickness, glass content, 
Barcol hardness, flange face flatness and perpendicularity, ductwork roundness or 
squareness, location of fittings and accessories and overall dimensions shall meet the 
more stringent requirements of referenced industry standards or as referenced within this 
Section. 

1.11 MANUFACTURER’S REPRESENTATIVE 

A. The Manufacturer shall provide services of their shop inspector for field inspection of 
ductwork supplied.  This inspection must be performed after equipment installation and 
cleaning required by this Section.  Independent sales representatives shall not be 
considered as substitutes for shop inspectors unless they meet the requirements for third 
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party inspectors, as published in FRPI SP9100.  The shop or third party inspector’s work 
will be considered complete once requirements of section 3.2 are completed.  

PART 2 -- PRODUCTS 

2.01 GENERAL 

A. Design/Builder shall be responsible for determining and communicating to Manufacturer 
restrictions that may prevent proper installation of ductwork, including clearances required 
during handling, setting, anchoring, accessories installation and piping. 

2.02 FIBERGLASS DUCTWORK 

A. Provide all ductwork in accordance with this Section as shown on contract drawings and 
specified herein. 

B. FRP ductwork shall be designed and fabricated in accordance with ASTM D3982 and 
other references within this Section, unless otherwise permitted or required by this 
Section. 

C. FRP ductwork shall be fabricated by one of the following manufacturers: 

1. An-Cor Industrial Plastics of North Tonawanda, NY USA 

2. Troy Manufacturing of Brockville, ON CANADA 

3. Approved Equal 

D. Manufacturer’s ductwork system design shall include the following requirements: 

1. Design calculations supporting ductwork component thicknesses, including all 
steel, expansion joint and flexible connector  interface considerations provided by 
Design/Builder, applicable loads individually or in combination per requirements of 
this Section, federal, state and local building codes and best engineering practices. 

2. Physical properties used in all design calculations shall be developed and 
demonstrated following industry standard protocol. 

3. Ductwork wall thicknesses shall be suitably designed for all loads and spans with 
or without reinforcing ribs. 

4. All ductwork shall be designed and fabricated to span support spacing as required.  
Buckling between supports shall be taken into consideration through stress 
analysis. 

5. Ductwork wall thickness shall be suitably designed with reinforcing ribs 
incorporated where necessary to achieve span within acceptable deflection limits. 

6. Maximum allowable deflection for any size ductwork or span shall be limited to the 
lesser of 1/2-in or 1/2-percent of span under worse case operating and weather 
conditions. 
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7. Thermal expansion and contraction calculations shall be made, with results used 
to adequately design ductwork to absorb related loads or communicate with 
expansion joint manufacturers for proper joint design.  Material properties used in 
calculations shall be derived in accordance with ASTM D695 and D696. 

8. Ductwork systems equal to or large than 48-in diameter for round and 168-in 
perimeter for rectangular shall be analyzed using formal Pipe Stress Analysis 
(PSA), such as Caesar II, ALGOR PipePak or equal.  Stress shall be fully 
evaluated at all critical locations, including flanges, elbows, tees, wyes, hangers, 
supports, anchors and restraints.  

9. Flanges over 36-in diameter and 120-in perimeter in the case of rectangular 
flanges shall be designed per ASME RTP-1 NM-2 Design of Integral Body Flanges 
and NM-12 FRP Flange Design as is applicable.  As a minimum, rectangular 
ductwork flange dimensions shall correspond to those of round ductwork having 
the same diameter as the longest side of the rectangular ductwork and rounded 
up if not equal. 

E. Manufacturer’s design calculations supporting ductwork component thicknesses must 
include all applicable loads individually or in combination, where required by Part 1.3 
References, design criteria listed below and best engineering practices: 

1. Design pressure:  As indicated in ductwork schedule in Part 3 of this submittal 

2. Wind:  100mph (for outdoor ductwork only) 

3. Expansion and contraction associated with temperature differential: 

a. 0oF to 100oF 

4. Accumulation of snow, ice and/or water on ductwork:  30 lb/sq.ft 

5. Seismic:  See Section 01350 – Seismic Anchorage and Bracing  

6. Mechanical link seal force  

F. Ductwork construction shall be as follows: 

1. Shop manufactured and assembled to fullest extent without need for permitted 
transportation thereby minimizing field assembly and field FRP butt wrap joints.  A 
list showing size and quantity of FRP shop and field joints required for installation 
shall be submitted for approval. 

2. Reinforcing ribs: 

a. Ribs must be installed at point of ductwork manufacture and located so as 
not to interfere with supports, hangers, anchors, restraints and other such 
interconnected or adjacent equipment, accessories, materials and building 
structures. 
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b. No pultruded, extruded, formed, milled or welded plastic, metallic or wood 
structural shapes or mechanical fasteners are allowed. 

c. Rib construction shall be detailed on shop drawings. 

3. Flange connections: 

a. All connections to expansion joints, flexible connectors, fans, dampers, 
louvers, registers, grillwork, hatches, covers, tank vents, scrubber inlets, 
condensate drain piping, instrumentation or other equipment shall be 
flanged with 6-in projection where flange is not on a straight run of 
ductwork.  Auxiliary equipment directly screwed into fiberglass ductwork is 
not allowed.  Such flanged connections shall be full faced for proper seating 
with ductwork flanges. 

b. Custom filler pieces or spacer rings will not be allowed between mating 
flanges. 

c. Flanges shall be hand lay-up construction using Type I or II laminate 
composition per ASTM C582, with flat full face flange on straight Section 
or integrally molded construction.  No filament winding, rotational molding, 
resin transfer, vacuum infusion, compression molding or casting of flanges 
is permitted.  Flange face shall be textured by lightly hand sanding with 
block sander to remove surface gloss imparted by mold surface.   

d. Flanges on straight run sections shall have no voids or filler material where 
pipe joins flange lay-up. 

e. Nozzles incorporating ASTM D5421 flange requirements shall be integrally 
molded per ASTM D5421 Figure 1 Type A and flush type per ASTM D3299 
Figure 7, where installation shall follow ASTM D3299 Figure 6 and 7 with 
structural overlay placed as All Exterior material. 

f. Cutout reinforcement shall be provided per ASTM D3299 Article 7.3.2.2 
and good engineering practices for all nozzle and branch connections. 

g. All bolt holes shall be shop drilled by Manufacturer using calibrated 
template and back spot faced or otherwise formed for flat and parallel 
seating of SAE or ASME B18.22.1 Type A Narrow washer seat, with all 
flange exterior and machined surfaces resin finish coated.  All sharp edges, 
corners and projections shall be removed.  Randomly match drilling flanges 
in Manufacturer’s shop or field drilling of any kind is not allowed. 

h. Gussets shall be provided for nozzles 4-in and smaller and be Plate-Type 
or Conical-Type per ASTM D3299 Figures 4 or 5. 

i. Flange flatness, warpage, perpendicularity and cant tolerances specified 
within this Section shall be strictly adhered to.  Flange faces refaced or 
machined to meet tolerances shall have the Corrosion Barrier fully 
included. 
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j. All flange bolts shall be torqued to values as recommended by 
Manufacturer. 

4. Rectangular ductwork and transitions: 

a. All rectangular ductwork, fittings, transitions and other such structures shall 
have integrally molded corners with radiuses.  Corner radii for adjoining 
walls of less than or equal to 24-inch shall be 1/2-inch, 1-inch for adjoining 
walls between 24-inch and 48-inch and 1 1/2-inch for greater than 48-inch 
adjoining wall lengths.  In no case shall rectangular or rectangular to round 
components or systems be fabricated from flat panels, with or without 
quartered pipe sections in corners, and joined by butt wrap joints.  Care 
shall be exercised to assure corner radii thicknesses are maintained as a 
minimum, with additional plies added if required. 

b. Reinforcing ribs: 

i. Ribs shall be laminated structural shapes such as angle, channel, 
tees or tube material and laminated to ductwork.  Complete rib 
structural shape laminate and attachment method utilized shall 
contribute to strength of material in calculations.  Adhesives may be 
used in place of laminating structural shapes to ductwork where 
Manufacturer in-house test data, design calculations and drawing 
details are submitted demonstrating reliability. 

ii. As an alternate to laminated structural shapes, ribs may be 
laminated and formed to a suitable shape over core material.  Rib 
core material shall impart a laminate shape suitable for stiffening 
ductwork and not contribute to strength of material in calculations.  
Rib core materials shall be closed cell foam half round or 
trapezoidal shape with laminate overlay to meet design submitted. 

iii. Rib shape shall be suitable for stiffening ductwork consistent with 
design calculations submitted. 

c. Flange Connections: 

i. Flanges on smaller end of reducers and transitions shall have a 
minimum of 6-in straight section to accommodate bolting, as shown 
for reducers in ASTM D3982 Figure 4 Standard Duct Dimensions. 

ii. Minimum flange thicknesses shall be 5/8-in for less than or equal to 
28-in perimeter and 3/4-in for 36-in to 120-in in perimeter.  
Thicknesses for flanges greater than 120-in in perimeter shall not 
less than ¾-in thick.  Minimum flange thickness shall be measured 
at bolt hole in washer seating area.  

iii. Bolt hole location and size shall be designed by the Manufacturer, 
shall straddle major centerlines and not exceed 4 1/2-in space 
between hole centerlines. 
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d. Turning vanes: 

i. Mitered elbows shall have Hand Lay-up quarter round shaped 
turning vanes with 3:1 tapered leading edges, with a radius equal 
to that of the centerline radius of the elbow. 

ii. Each turning vane shall be composed of an all random strand mat 
construction, with a C-Glass Veil on both sides of the curved vane.  
A sufficient number of turning vanes shall be provided such that 
they are spaced no greater than 6-in apart.  Each turning vane shall 
protrude through the fitting wall on both sides a minimum of 1.5-in, 
with a fiberglass overlay equal in thickness to the fitting wall laid up 
onto the entire projecting portion of the vane and the adjoining fitting 
wall a minimum of 1.5-in forming a seal and reliable attachment. 

iii. Turning vane thicknesses shall be determined by design 
calculations given all design criteria and deflection limits defined 
above.  Minimum vane thickness shall be 3/8-in. 

e. Tops of all outdoor exposed rectangular ductwork, fittings, transitions and 
other structures shall be sloped ¼-in per foot to shed water.  Slope shall be 
shown on shop drawing submittal. 

5. Access hatches shall be 12-in and 24-in diameter, where the larger size that can 
be accommodated on the ductwork shall be provided.  One (1) hatch shall be 
located on the upstream side of each bank of turning vanes, damper, louver and 
fan.  Hatches shall be flanged as specified within this Section and provided with 
flat or domed cover. 

6. FRP Threaded couplings and nipples: 

a. Shall be installed following the same requirements as specified within this 
Section for nozzles of the same size or as indicated in the Design Drawings. 

b. Outside surface of fittings that receive secondary attachment overlay shall 
be ground smooth with a contour providing mechanical lock and primed 
with Atprime 2 secondary bonding agent prior to fitting installation. 

c. Thermoplastic and metallic couplings and nipples are not allowed. 

7. FRP shop and field butt wrap joints.   

a. All ductwork joints shall be butt wrap per ASTM D3982 Article 9.2 Joints.  
All outer surfaces of joint overlays are to be coated with resin finish coat 
containing paraffin wax. 

b. All gaps between mating edges of ductwork and fittings must be limited to 
the thickness of the adjoining material, not to exceed 3/8-inch, and 
maximum offset of lesser of 1/4-inch or two (2) times edge thickness 
divided by three (3) prior to application of paste and butt wrap joint material.  
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Paste used to fill gaps shall not protrude more than 1/8-inch past inner 
surface of ductwork, fitting or transition wall. 

c. For round ductwork, joint minimum thickness and laminate composition 
shall be equal to design of ductwork cylindrical sections composed of Type 
I or II laminates per ASTM C582 that meet design basis of this Section.  For 
rectangular ductwork, joint minimum thickness and laminate composition 
shall be equal to the thicker component being adjoined.  Joint minimum 
thickness and laminate composition for reducer and transition connections 
shall equal the ductwork adjoined to the larger fitting opening. 

d. At least one (1) field butt wrap joint shall be provided for each change in 
direction and elevation, with a minimum of 6-in field trim included and 
shown on drawings by Manufacturer at each field joint location.  Field joints 
shall also be located at dimension “H” from duct flange faces per ASTM 
D3982 Figure 4 Standard Duct Dimensions.  Duct flanges mating with 
dampers, fans, flex connectors and other related equipment shall be 
properly aligned and reliably bolted together with no undue stresses prior 
to applying butt wrap joint material. 

e. Adhesive joints are not permitted. 

f. An inside overlay shall be provided for all accessible shop and field joints 
for ductwork greater than or equal to 20-in diameter for round or 72-in 
perimeter for rectangular ductwork.  All accessible nozzle and branch 
connections shall be inside overlaid.  Inside overlay composition and 
thickness shall be equal to Inner Corrosion Barrier specified. 

8. No joints in axial direction of ductwork straight run sections are permitted. 

9. Ductwork support: 

a. All ductwork supports, anchors, guides and restraints shall be engineered 
and supplied by the FRP Manufacturer and coordinated with the 
Design/Builder.  Design/Builder shall work with the Manufacturer to 
determine number, location and configuration of such supplied materials, 
so that proper support, restraint, fit-up and thermal expansion and 
contraction is accounted for in FRP ductwork system design provided by 
Manufacturer. 

b. All support materials shall match the construction of the ductwork.  
Materials thicknesses shall be calculated by the FRP Manufacturer and 
submitted with the stress analysis.  FRP support materials shall include but 
not be limited to threaded rods, nuts, channels, angles, and plates.  Support 
components that cannot be fabricated from FRP such as beam clamps, 
concrete anchors that extend beyond the concrete surface such as studs, 
or other components exposed to the atmosphere in the space shall be 316 
stainless steel and field coated with a corrosion resistant coating suitable 
for exposure to the chemicals and concentrations listed in section 2.03.B 
of this specification.  



Sustainable Water Phase 3 –  HVAC FRP Ductwork and Accessories – REV 0   
Demonstration Facility 15599-16 IFC June 2017 
  

c. Maximum support spacing shall be equal to or less than limits set forth in 
ASTM D3982 Table 1 Typical Spacing, unless otherwise engineered by 
Manufacturer given design loads and support spans specified herein, on 
contract drawings or Design/Builder field dimensions. 

d. Vertical riser sections of ductwork shall be supported by FRP pedestals 
laminated to backside of elbow sections or FRP shear collars or lugs 
designed to abut braced steel support rings where required.  Riser clamps 
shall not be used to support FRP ductwork. 

e. Ductwork shall be reinforced at each support, hanger, anchor and restraint 
with a minimum 1/4-in FRP buildup.  This reinforcement shall cover and 
extend 3-in beyond the support bearing surface.  Buildups shall be flat, 
smooth and fully in contact with the support.  A ¼-in neoprene pad shall be 
placed between FRP and support and adhered to support.  Design/Builder 
shall provide supports with sufficient dimensions to accommodate FRP 
collar and neoprene pad given ductwork tolerances specified in this 
Section. 

f. Supports shall provide a minimum of 180 degrees of uniform complete 
contact with round ductwork and full contact with bottom and top of 
rectangular ductwork.  Minimum support widths for round ductwork shall be 
2-in wide for duct less than or equal to 10-in, 3-in wide for duct 12-in to 20-
in, 4-in wide for duct 22-in to 36-in, 8-in wide for duct 38-in to 48-in and 12-
in wide for duct 50-in to 60-in diameter.  Minimum support widths for 
rectangular ductwork shall correspond to those of round ductwork having 
the same diameter as the longest side of the rectangular duct when 
rounded up if not equal. 

g. Ductwork shall be supported to allow removal of inline devices without 
adding temporary support, where such devices may include dampers, 
louvers, expansion joints, flexible connectors and fans. 

h. Ductwork shall be supported within 12-in of duct free end where connected 
to flexible connections, expansion joints or equipment. 

G. Ductwork Signage: 

1. Each fabricated duct Section shall be temporarily labeled with a piece number 
corresponding to drawings for installation coordination.  Labels shall be able to 
withstand weather and durable enough to stay affixed to the duct until such time 
installation is complete and they can be removed. 

2. Manufacturer to furnish the following data on a water proof permanent label 
laminated directly on the side of ductwork near access hatches or other a 
prominent locations: 

a. Manufacturer’s name. 

b. Date of manufacture. 
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c. Pressure and temperature rating. 

d. Corrosion Barrier resin, cure system and surface veil type. 

H. FRP workmanship: 

1. No layout markings, scratches, dings, sharp resin cured glass fiber projections, 
sharp edges or corners, major color variation or significant resin finish coat 
inconsistencies will be permitted. 

2. All cut or machined edges and exterior surfaces shall be de-burred, chamfered, 
smooth and resin finish coated. 

3. Resin finish coat work shall be free of defects such as but not limited to pinholes, 
excessive or inadequate film build, dry spots, drips, runs, sagging, and foreign 
inclusions.  Any such defects shall be removed from the coat and the coat 
reapplied.  The finish coat must appear uniform.  

I. Manufacturer shall clean ductwork inside and out prior to packaging for shipment, 
removing any and all mold release materials, temporary fabrication layout lines, dirt, dust, 
debris and other such undesirables. 

2.03 LAMINATE MATERIALS 

A. Ductwork laminate construction shall be suitable to convey chemically laden odorous air 
typically found in and around wastewater treatment facilities.  Chemicals present include 
up to 200 ppm Sulfuric Acid, 5 ppm Hydrogen Sulfide, 10 ppm Sodium Hypochlorite and 
10 ppm Sodium Hydroxide.  These odorous compounds in the air conveyed may reach as 
high as 100 percent relative humidity. 

B. Laminate construction for ductwork shall have Class I flame spread rating for Structural 
Layer and Outer Surface with Class II Inner Corrosion Barrier per ASTM E84.  Ductwork 
shall be constructed in accordance with FRPI Laminate Specification LS600 or as 
otherwise specified within the following laminate design data table, whereas footnote “1” 
in table designates LS600 amendments. 

LAMINATE SPECIFICATION LS600 AMENDED 

Inner Corrosion Barrier (CB):  

Laminate Type I 

Resin Content 70 to 75% 

Resin Brominated Bis-A EVER 

Synergist for Fire Retardancy None¹ 

Fire Retardant per ASTM E84 Class II¹ 

Cure MEKP/CoNap 

Contact Molding Process Hand Lay-up or Spray-up 

Inner Surface (Veil) (1) C-Glass 10 mils (0.010”) 

Interior Layer (Chop Mat) 86 mils 1.5 oz/sf  

Inner Corrosion Barrier Thickness  96 mils (0.106") 

CB is a Corrosion Allowance Yes¹ 

Visual Quality Standard ASTM D2563 Level II 
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LAMINATE SPECIFICATION LS600 AMENDED 

Bubble Defect Density Limits 4/sq in¹ 

Maximum Percent Repair 3% 

Structural Layer (SL):  

Laminate Type  Hand Lay-up, Spray-up or Filament Wound 

Reinforcement Content 25 to 80% 

Resin Brominated Bis-A EVER 

Synergist for Fire Retardancy Antimony as Required 

Fire Retardant per ASTM E84 Class I 

Cure MEKP/CoNap 

Filament Winding Wind Angle(s) As Required 

Bedding Layer Following CB 22 mils (0.022”) 1.5 oz/sf 

Pigment Yes¹ 

Minimum Thickness Per Spec & Design 

  

Outer Surface (OS):  

Resin Brominated Bis-A EVER 

Synergist for Fire Retardancy Antimony as Required  

Fire Retardant per ASTM E84 Class I 

Cure MEKP/CoNap 

Contact Molding Process Hand Lay-up or Spray-up 

Resin Rich Wax Coating Yes 

UV Light Protection Yes 

10 mil Glass Veil Yes¹ 

Pigment Yes 

Minimum Thickness 15 mils (0.015”) 

  

Visual Quality SL and OS:  

Standard ASTM D2563 Level II 

Bubble Defect Density Limits 10/sq in 1/16" or 4/sq in up to 1/8"¹ 

Maximum Percent Repair 10.0% 

 

C. Laminate design and construction shall include the following requirements: 

1. Inner Surface shall be Hand Lay-up process incorporating surface veil specified in 
this Section and have 90% resin content. 

2. Interior Layer shall be laminated utilizing the Hand Layup or Spray-up process.  
The chop reinforcement shall be random strand glass fiber chopped from 
continuous roving whereas the fiber will be of the same size and weight as 1-1/2 
ounce per square foot random strand mat, with 70 to 75% resin content. 

3. Inner Corrosion Barrier shall be regarded as a Corrosion Allowance.  This layer 
sequence shall not be considered as contributing to the components strength when 
calculating the thickness of the Structural Layer.  This design requirement applies 
to all components and attachment joint inside overlays.  The Inner Corrosion 
Barrier shall be clear, whereas no catalyst colorant, pigment, paint or other 
additives are allowed that shall interfere with visual inspection.  Additives such as 
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surfactants and antifoaming agents are permitted for improved reinforcement wet 
out and air bubble release when such additives are named within resin supplier 
letter(s) confirming laminate design suitability for intended service. 

4. Structural Layer shall be Hand Layup and/or Spray-up for all components, whereas 
Filament Winding may be utilized only for round ductwork with such wind angle 
determined by Manufacturer.  Where Filament Winding is utilized, a nominal 22 mil 
layer of 1-1/2 ounce per square foot chopped strand glass or equivalent thickness 
of chop shall be applied as a bedding layer for first pass filament winding glass 
strands between the cured Inner Corrosion Barrier and Structural Layer. 

5. Structural Layer shall have a minimum thickness as calculated by Manufacturer 
given application and 28 to no more than 80% reinforcement content, with 
structural thickness no less than minimums specified within ASTM D3982 Table 1 
for Hand Lay-up and Spray-up or 0.20-in for round Filament Wound ductwork. 

6. All laminate thicknesses for ductwork shall be calculated such that 10:1 factor of 
safety for internal and 5:1 for external pressure has been provided, with strain 
limited to 0.001 for Hand Lay-up laminates.  Strain for Filament Wound laminates 
shall be limited to 1/10 of strain at failure, where strain at failure must be proven 
by Manufacturer per ASTM D638 tensile and ASTM D2584 glass content testing 
methods.  Laminate designs used for proof of allowable strain used in calculations 
submitted shall be representative of same laminate sequence and resin to glass 
ratio as used for ductwork shown on drawings submitted. 

7. Safety factors for combined loads shall be 10:1 for sustained loads and 5:1 for 
intermittent loads, where intermittent are combined individual loads or individual 
combined with sustained loads.  As a minimum, loadings to be considered are 
defined in paragraph 2.02 E above.  The greater laminate thicknesses as 
determined by paragraph 2.3 D.6 and D.7 herein shall be used. 

8. The minimum longitudinal tensile strength shall be 9,000 psi for all Structural Layer 
laminate construction. 

9. The outer most sub-layer of the Structural Layer and Outer Surface shall be 
pigmented and include ultra violet light inhibitor plus a 10 mil A-Glass veil 
containing 90 percent resin by weight.   

10. The Outer Surface shall be coated with a 5 mil unreinforced resin rich layer 
containing paraffin wax and include pigment plus ultra violet light inhibitor. 

11. Pigment color shall be submitted for approval. 

12. Painting is not allowed for any FRP surface. 

13. The resins specified within the laminate specifications shall be as supplied by 
AOC, Ashland, Interplastic or Reichhold.  Only one (1) resin supplier’s products 
are allowed for all ductwork. 



Sustainable Water Phase 3 –  HVAC FRP Ductwork and Accessories – REV 0   
Demonstration Facility 15599-20 IFC June 2017 
  

14. Only Uni-axial stitched glass reinforcements are allowed where required with 
Filament Winding in order to meet the requirements of this Section.  Reinforcing 
such as random strand mat stitched to woven roving shall not be permitted. 

15. Vacuum infusion and other such closed or contained laminating process shall not 
be permitted. 

2.04 MANUFACTURER INSPECTION AND QUALITY CONTROL 

A. Quality control shall include a process and a final inspection by Manufacturer per 
requirements of FRPI SP9000 and SP9100.  Final inspection prior to shipment shall 
include checks for laminate visual quality, resin cure, dimensional verification,  review of 
certified test results for tests such as Barcol hardness, cutouts review and corrective action 
taken for any non-conformity reports generated. 

B. Manufacturer tolerances: 

1. ASTM D3982 Section 8, identified within this Paragraph for convenience: 

a. Overall lengths are limited to plus or minus 1/4-in. 

b. Cut ends of round ductwork shall be square within plus or minus 1/8-in for 
less than 24-in diameter, 3/16-in for between 24-in and 48-in and 1/4-in for 
greater than 48-in diameter. 

c. Flanges: 

i. Face flatness plus or minus 1/32-in for less than or equal to 18-in 
diameter and plus or minus 1/16-in for greater than 18-in diameter. 

ii. Warpage shall be plus or minus 3 degrees. 

iii. Face perpendicularity to axis of duct shall be plus or minus 1/2 
degree. 

iv. Flange angularity plus or minus 1 degree for less than or equal to 
24-in diameter, 3/4 degree for greater than 24-in to less than or 
equal to 48-in and 1/2 degree for greater than 48-in diameter. 

v. Offset shall be plus or minus 1/8-in. 

vi. Cant shall be plus or minus 1/2 degree. 

2. Other tolerance requirements: 

a. Minimum thicknesses shall be minus 0.00-in plus 20% of thicknesses 
specified or otherwise designed per requirements of this Section. 

b. Out of flatness is limited to the lesser of plus or minus 1/2-in or 1/2% of 
span. 
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c. Out of roundness is limit to the greater of plus or minus 1/8-in or 1% of 
ductwork inside diameter, not to exceed 3/4-in. 

d. Angles of all fittings shall be plus or minus 1 degree, up to and including 
24-inch diameter, plus or minus 3/4 degree for greater than 24-inch to less 
than or equal to 48-inch and plus or minus 1/2 degree for greater than 48-
inch diameter. 

e. Gap for fit-up at shop and field joint is limited to the thickness of the 
adjoining material, not to exceed 3/8-in, and maximum offset of lesser of 
1/4-in or two (2) times edge thickness divided by three (3) prior to 
application of paste and butt wrap joint material. 

C. The Engineer reserves the right to inspect and reject any and all equipment being 
manufactured that does not fully and completely meet the requirements of this Section.  
Fabrication and inspection records shall be made available upon request.  The Owner, 
Owner’s Engineer and Owner’s or Engineer’s designated agent will have adequate, open 
and safe access to the Manufacturer’s facility at all times during regular business hours 
for purpose of inspecting equipment being manufactured for them. 

D. The Manufacturer shall make any and all inspection tools readily available to parties that 
may participate in inspection.  Such tools shall be in a good state of repair and properly 
calibrated for accurate measurement.  Ductwork shall be oriented for safe entry. 

E. Final acceptance by Engineer or Design/Builder is not in lieu of nor is it intended to 
compromise Manufacturer’s warranty in any way as required by this Section. 

2.05 EXTERIOR INSULATION 

A. Insulation for FRP duct shall follow the same requirements as metallic duct.  See Section 
15598 – Metallic Ductwork and Duct Accessories Section 2.5-Duct Insulation for insulation 
requirements. 

2.06 ACCESSORIES 

A. All gaskets and fasteners required for flanges, nozzles and access points with mating parts 
supplied by Manufacturer shall be furnished by Manufacturer, where: 

1. Gasket material shall be EPDM with a shore A hardness of 60 to 70.  Gaskets shall 
be full face, predrilled to match flange bolt pattern plus single piece construction 
up to 36-in diameter and dovetail vulcanized construction for sizes greater than 
36-in diameter.  Minimum gasket thickness shall be 1/8-in for flanges less than or 
equal to 6-in, 3/16-in for flanges greater than 6-in and up to 18-in and 1/4-in for 
flanges equal to or greater than 20-in diameter.  As a minimum, rectangular 
ductwork gasket material specifications shall correspond to those of round 
ductwork having the same diameter as the longest side of the rectangular ductwork 
and rounded up if not equal. 

2. Fastener material shall be 316 stainless steel and be field coated with a corrosion 
resistant coating as required in the supports section of this specification.  The 
fasteners shall be properly sized to fit gasketed or non-gasketed connections.  
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Washers shall meet SAE or ASME B18.22.1 Type A Narrow washer seat 
requirements.  Lock washes are not permitted. 

B. Expansion joints and flexible connectors. 

1. Manufacturer: Provide products of one of the following: 

a. Holz Rubber Company Inc. 

b. Approved Equal 

2. Joints shall consist of an elastomeric reinforced flexible material with integral 
molded flanges.  The molded flanges shall be secured to the duct or fan 
connections using a 3/8” metal backing plate.  The backing plate and fasteners 
shall be field coated with a corrosion resistant coating. 

3. The joint flexible material shall be Neoprene and suitable for exposure to air 
containing chemicals as indicated in section 2.3(B) of this specification.  Alternate 
materials as recommended by the manufacturer shall require Engineer approval.  

4. The joint body style shall be suitable for constant vacuum service. 

5. The joint body thickness shall be suitable for the pressure class of the applicable 
ductwork.  The pressure class shall be indicated in the Duct Construction Schedule 
at the end of this specification.  The nominal body thickness shall not be less than 
1/8”. 

6. The face to face length of the joint shall be determined by the stress and support 
analysis.  The joint shall be able to handle the axial and lateral movements 
indicated in the calculations. 

7. All fasteners shall be type 316 stainless steel including nuts, bolts, and washers.  
Lock washers shall not be used.  All hardware shall be field coated with a corrosion 
resistant coating. 

C. Manual Volume and Manual Isolation Dampers 

1. Manufacturer: Provide products of one of the following: 

a. Swartwout, Division of Phillips Industries 

b. Belco Manufacturing 

c. Ershigs 

d. Approved Equal 

2. All round FRP dampers shall be the butterfly type and all rectangular FRP dampers 
shall be of the opposed blade type.  FRP fabrication shall meet the corrosion 
requirements specified in this section 2.3(B) of this specification 

3. Fabrication: 
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a. Frame and blade: premium vinyl ester.  Blade shall fully encapsulate shaft.  
Blades that bolt to a single side of the shaft will not be accepted. 

b. Shaft: premium vinyl ester for all manually actuated dampers below 30 
inches in diameter.  The shaft shall be glassed into the damper blade with 
center significantly thicker than center perimeter with an even taper from 
center to perimeter.  For all dampers 30 inches in diameter and larger, the 
shaft shall be type 316 stainless steel encased in FRP material.  
Rectangular damper shafts shall correspond to those of round ductwork 
having the same diameter as the side of the rectangular parallel with the 
blades. 

c. Bearings and bushings: Teflon 

d. Pins and all hardware: Type 316 stainless steel (Design/Builder shall field 
coat with corrosion resistant coating) 

e. Shaft seals: EPDM 

f. Provide all round dampers with a blade stop consisting of FRP angles with 
full circumference EPDM seals. 

g. All dampers shall have flanged ends.  Provide type 316 stainless steel 
bolts, nuts, and washers. (Design/Builder shall field coat with corrosion 
resistant coating) 

h. All dampers >24” diameter shall be provided with gear operators with an 
epoxy coating.  The coating shall be suitable for exposure to air as 
described in section 2.3.B of this specification.  Dampers 24” and smaller 
shall be supplied with hand quadrants actuators fabricated of type 316 
stainless steel with a 5-stage locking quadrant indicator.  All volume 
dampers shall have a fully adjustable slot with an extra hole drilled in the 
handle for the Design/Builder to “drill and pin-in place” once the system is 
balanced so the handle cannot vibrate loose.  Rectangular damper shafts 
shall correspond to those of round ductwork having the same diameter as 
the side of the rectangular parallel with the blades. 

i. All isolation dampers provided shall bear the AMCA seal.  Dampers must 
have been tested in an AMCA lab for performance (pressure drop) and 
leakage.  Test results shall be submitted and confirmed by the Engineer. 

j. Assembly shall be rated for flame spread less than 25 and a smoke 
development of less than 50 per ASTM E-84 
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D. Motorized Dampers: 

1. Manufacturer: Provide products of one of the following: 

a. MK Plastics Corporation 

b. Swartwout Corporation 

c. Polymil Products, Inc. 

d. Approved Equal 

2. Dampers shall be fiberglass with air foil blades.  Damper shall be of pultruded 
construction and comply with ASTM-D4385-84A, ASTM E-84, and ASME/ANSI 
RTP1-1989.  Damper blades shall be minimum of ¼ inch thick of a hollow airfoil 
shape and contain a slot for insertion of blade seal.  Blade seal shall be silicon 
rubber extruded to provide a double seal.  Adhesive seals are not acceptable.  
Bearings shall be Teflon based material. 

3. Damper shall be low leakage class based on AMCA 500/511 (3 cfm/sq.ft maximum 
leakage rate at 1 inch w.c.) 

4. Dampers shall bear the AMCA seal. 

5. Material used in construction shall be a flame retardant vinyl ester based resin. 

6. All materials used shall be corrosion resistant and appropriate for exposure to air 
containing chemicals as indicated in section 2.3.B of this specification.  All 
hardware and misc parts that are not FRP shall be type 316 stainless steel.  Any 
non-fiberglass fasteners located in the air stream shall be fully encapsulated in the 
FRP material.  The Design/Builder shall field coat all non-encapsulated metallic 
components with a corrosion resistant coating. 

7. Actuators shall be externally mounted to the damper and shall be a minimum of 
NEMA 2.  All actuators shall be enclosed in a NEMA 4X enclosure unless otherwise 
specified.  Actuators located in classified spaces shall be enclosed in a NEMA 7 
case unless otherwise specified.  See section 15598-2.4.D - Actuators for 
additional actuator requirements. 

PART 3 -- EXECUTION 

3.01 INSTALLATION 

A. Caution should be exercised when placing ductwork, with special attention paid to nozzles 
and other such projections that interface with adjacent area or could get entangled and 
damaged during handling. 

B. All FRP butt wrap work must be done at temperatures between 60 and 90 degrees 
Fahrenheit and humidity less than 80%, without exposure to wind, rain, snow, direct 
sunlight and any other wet and extreme temperature conditions beyond these ranges 
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permitted.  Temporary weather tight temperature and humidity controlled shelters shall be 
provided by Design/Builder where needed during field butt wrap joining procedures. 

C. Ductwork shall be stabilized and isolated from any and all movement during FRP butt and 
wrap field joint work. 

D. Hazardous materials, fiberglass dust, and styrene emissions propagated through cutting, 
grinding and laminating operations shall be managed per procedures provided. 

E. Turning Vanes shall be installed in all miter elbows to permit air to make the abrupt turns 
with a minimum amount of turbulence.  The turning vanes shall be quiet and free from 
vibration when the system is in operation. 

F. The dial regulators for manual dampers shall be marked so that the “open” and “shut” 
positions are clearly identified.  The dial regulators on insulated ductwork shall be mounted 
on an elevated platform which will finish flush with the surface of the insulation.  Manual 
volume dampers shall be located at accessible points and wherever possible some 
distance from a duct transition or fitting.  Care shall be taken during installation to make 
certain that fasteners do not protrude into the duct and interfere with damper operation. 

G. Access doors shall be provided at all apparatus requiring service or inspection in the duct 
system. 

H. Test openings shall be installed in the ductwork at the points listed below.  The openings 
shall be sealed by a screw cap and gasket, and shall be installed so that the insulation is 
not disturbed when the cap is removed.  The test openings shall be located as follows in 
all heating, ventilating, air conditioning, and dehumidification systems: 

1. Upstream and downstream of each coil 

2. In the outside air duct adjacent to HVAC equipment 

3. In the return air duct adjacent to HVAC equipment 

4. In the main supply duct on single zone units and in each zone supply duct on 
multizone units 

5. Upstream and downstream of each filter bank 

6. Where indicated on Design Drawings 

I. See Section 15598 – Metallic Ductwork and Duct Accessories Section 3.3-Insulation 
Installation for insulation installation location requirements. 

3.02 FIELD INSPECTION AND PERFORMANCE TESTING 

A. Design/Builder shall inspect ductwork for conformance to laminate quality, thicknesses, 
major dimensions and tolerances per this Section upon receipt and notify Engineer in 
writing of nonconformities that will inhibit timely completion of installation.  Unless 
otherwise acknowledged by Engineer in writing, Design/Builder shall not proceed until 
nonconformities are corrected by Manufacturer. 
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B. Design/Builder shall perform a process installation inspection, with required reporting per 
paragraph 1.05 G. 

C. Manufacturer’s Field Services: 

1. Manufacturer’s field services shall be in accordance with Specification 01610, 
Materials and Equipment and as specified herein. 
 

2. Provide qualified Manufacturer’s Technical Representative to perform FRP butt 
wrap training for Design/Builder ductwork installers.  Manufacturer’s Technical 
Representative shall provide a minimum of one (1) day training or one (1) day per 
ten (10) field FRP butt wrap joints, whichever is more, but not to exceed five (5) 
days of training.  Training shall be consecutive days. 

3. Provide inspection in accordance with FRPI SP9100, as referenced in paragraph 
1.11 above.  

4. At a minimum, the number of days indicated below shall be provided on an 8-hour-
day on-site basis and shall be in addition to travel time.  The number of days at the 
site shall be increased as necessary, without change to the proposal price or 
schedule, to accomplish the Work of this Section.  Minimum service durations by 
the manufacturer are as follows: 

Service Number of 
Trips 

Number of 
Days/Trip 

Remarks 

Installation Checkout 1 1 In accordance with Section 01751 

 

5. Manufacturer’s obligation under substantial completion is satisfied with 
Manufacturer’s field application of FRPI Certified labels, Manufacturer’s submittal 
of Certificate of Proper Installation per paragraph 1.5. 

D. Ductwork system shall be free from deflection, pulsation, vibration, chatter, leakage or any 
other such condition when system is in or out of service. 

E. See Section 15616 – HVAC Testing, Adjustment, and Balancing for additional testing and 
balancing requirements. 

3.03 CLEANING 

A. Ductwork shall be thoroughly cleaned inside and out by Design/Builder prior to being put 
into service.   

B. All temporary labeling used to identify piece numbers for installation shall be removed 
where not a part of permanent labeling. 

C. Ductwork cleaning process shall use materials that will not harm ductwork, be performed 
after ductwork installation and before Manufacturer’s field inspection services required per 
this Section. 

D. See Duct Construction Schedule in Specification 15598. 
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SECTION 15600 
 

HVAC INSULATION 
 

PART 1 - GENERAL  

1.01 RELATED DOCUMENTS  

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 1 Specification Sections, apply to this Section.  

B. Specifications throughout all Divisions of the Project Manual are directly applicable to this 
Section, and this Section is directly applicable to them.  

C. Division 7 Section “Firestopping”. 

D. Division 15 Section “Metal Ductwork” for duct liners. 

1.02 SUMMARY  

A. The Design/Builder shall furnish all labor, equipment and material for the complete 
installation of the ductwork and HVAC piping insulation systems as indicated on the 
Drawings and specified herein. 

B. This Section includes semi rigid and flexible duct, plenum, breeching insulation and HVAC 
piping insulation; insulating cements; factory and field-applied jackets; accessories and 
attachments; and sealing compounds. 

1.03 REFERENCE SPECIFICATIONS, CODES, AND STANDARDS 

A. Without limiting the generality of other requirements of the specifications, all work herein 
shall conform to the applicable requirements of the following documents.  All referenced 
specifications, codes, and standards refer to the most current issue available at the time of 
Bid. 

1. ASTM E84  “Standard Test Method for Surface Burning Characteristics of 
Building Materials”. 

2. ASTM C533  “Standard Specification for Calcium Silicate Block and Pipe 
Thermal Insulation”. 

3. NFPA 255 “Standard Method of Test of Surface Burning Characteristics of 
Building Materials”. 

4. ASTM C921  “Standard Practice for Determining the Properties of Jacketing 
Materials for Thermal Insulation”. 

5. ASTM C1071A “Standard Specification for Fibrous Glass Duct Lining Insulation”. 

6. ASTM C1136  “Standard Specification for Flexible, Low Permeance Vapor 
Retarders for Thermal Insulation”. 

1.04 SUBMITTALS 

A. Shop Drawings:  Submit for approval Shop Drawings showing the following: 

3
2

4
1

4
-0

0
0
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1. Manufacturers' catalog literature, specifications, and illustrations with the following 
information: 

a. Thermal properties.  

b. Physical properties (thickness, density etc).  

c. Fire hazard ratings.  

d. Facing information.  

e. Installation instructions.  

f. Jointing recommendations for butt joints and longitudinal seam. 

g.  Fabrication instructions for duct fittings and valve insulation and coatings. 

2. Schedule of Project Specific Product Data:  Identify thermal conductivity, thickness, 
and jackets (both factory and field applied, if any), for each type of product indicated 
and for which type of duct or piping system it is associated with.  Submit a tabular 
schedule for the entire project.   

3. Samples:  For each type of insulation and field-applied jacket.  Identify each Sample, 
describing product and intended use.  Submit 8-inch square sections of each sample 
material. 

4. Installer Certificates:  Signed by the Design/Builder certifying that installers comply 
with requirements. 

1.05 QUALITY ASSURANCE 

A. Installer Qualifications:  Skilled mechanics who have successfully completed an 
apprenticeship program or another craft training program certified by the U.S. Department 
of Labor, Bureau of Apprenticeship and Training.  Company or firm that employs the 
insulation installers shall have a minimum of 5 years experience in the business of 
installing HVAC related duct and piping insulation systems. 

B. Fire-Test-Response Characteristics:  As determined by testing materials identical to those 
specified in this Section according to ASTM E 84, by a testing and inspecting agency 
acceptable to authorities having jurisdiction.  Factory label insulation and jacket materials 
and sealer and cement material containers with appropriate markings of applicable testing 
and inspecting agency. 

C. Products shall not contain asbestos, lead, mercury, or mercury compounds. 

D. Supply insulation products that assure excellent IAQ (Indoor Air Quality) performance 
through Greenguard Certification whenever possible. 

E. Products that come in contact with stainless steel shall have a leachable chloride content 
of less than 50 ppm when tested according to ASTM C 871. 

F. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable 
according to ASTM C 795. 
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G. Design Criteria:  Insulation systems including covering, mastics, adhesives, sealers and 
facings shall have the following fire hazard classifications:  

1. Flame spread, 25 maximum.  

2. Fuel contributed, 50 maximum.  

3. Smoke developed, 50 maximum. 

H. Source Quality Control:  Perform the following tests and inspections at the factory:  

1. Flame spread.  

2. Smoke developed.  

3. Fuel contributed. 

I. Requirements of Regulatory Agencies: 

1. Permits:  Design/Builder shall obtain and pay for all required fees, inspections and 
approvals by authorities having jurisdiction.  

2. Building Codes:  Comply with applicable requirements of all State and local building 
codes.   

3. Underwriters' Laboratories, Incorporated.  

4. National Fire Protection Association. 

J. Reference Standards:  Comply with applicable provisions and recommendations of the 
following except as otherwise shown or specified: 

1. Federal Specification HH 1 558B, Insulation Blocks, Boards, Blankets, Felts, 
Sleeves, Duct Fitting Covering. 

2. ASTM C 547, Mineral Fiber Preformed Duct Insulation. 

3. ASTM E 84, Surface Burning Characteristics of Building Materials. 

K. Field Measurements:  Take field measurements where required prior to installation to 
ensure proper fitting of Work. 

1.06 PRODUCT DELIVERY, STORAGE AND HANDLING 

A. Delivery of Material:  Material shall be delivered to the job site in corrugated cartons. 

B. Packaging:  Ship insulation materials in containers marked by manufacturer with 
appropriate ASTM specification designation, type and grade, and maximum use 
temperature. 

C. Storage of Material: 

1. Store material in clean, dry area, out of the weather. 

2. Material shall be tightly covered to protect against dirt, water, mechanical injury or 
chemical damage.  
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3. Material shall remain in original cartons until time of installation. 

4. Insulation and Mold: Store all cartons of insulation elevated off the floor on pallets or 
wood blocking away from dust, dirt and debris.  Store in a clean, dry, well-ventilated 
area.  Carefully inspect any insulation that has been exposed to water. If insulation 
shows any sign of mold growth it must be discarded. If the material is wet but shows 
no sign of mold, it should be dried rapidly and thoroughly. If it shows signs of facing 
degradation from wetting, it should be replaced. Mineral fiber based air handling 
insulation used in the air stream must be discarded if exposed to water regardless of 
signs of mold. 

1.07 JOB CONDITIONS 

A. Protection: 

1. All material applied in one day shall have the vapor barrier applied the same day and 
any exposed ends shall be temporarily protected with a moisture barrier and sealed 
to the duct.  

2. Insulating materials shall, at all times, be protected from moisture. 

3. Material shall be warehoused on or near the job site and drawn from this protected 
area as used. 

1.08 DEFINITIONS 

C.   Greenguard: Greenguard Environmental Institute, independent testing of products for 
emissions of respirable particles and Volatile Organic Compounds (VOCs), including 
formaldehyde and other specific product-related pollutants. Provides independent, third-
party certification of IAQ performance. Certification is based upon criteria used by EPA, 
OSHA and WHO. 

D. IAQ: Indoor Air Quality  

E. EPA: Environmental Protection Agency 

F.   WHO: World Health Organization 

G.  ASJ: All Service Jacket 

H.  SSL: Self-Sealing Lap 

I.  FSK: Foil-Scrim-Kraft; jacketing 

J.  PSK: Poly-Scrim-Kraft; jacketing 

K.  PVC: Polyvinyl Chloride 

L.  FRP: Fiberglass Reinforced Plastic  
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1.09 COORDINATION 

A. Schedule insulation application after testing duct and piping systems.  Insulation 
application may begin on segments of duct or piping that has satisfactory test results. Do 
not install insulation prior to building interior being fully enclosed and weather tight. 

B. Coordinate clearance requirements with duct and piping installers for insulation application. 

C. Coordinate size and location of supports, hangers, and insulation shields specified in 
Division 15 Section "Pipe Supports." 

D. Coordinate clearance requirements with piping Installer for piping insulation application 
duct Installer for duct insulation application, and equipment Installer for equipment 
insulation application.   

PART 2 - PRODUCTS 

2.01 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Specifications, provide products manufactured by one of 
the following: 

1. Mineral-Fiber Insulation: 

a. CertainTeed Manson. 

b. Knauf FiberGlass GmbH. 

c. Owens-Corning Fiberglas Corp. 

d. Schuller International, Inc. 

2. Flexible Elastomeric Thermal Insulation: 

a. Armstrong World Industries, Inc. 

b. Armacell Company 

c. K-Flex USA 

3. Closed cell elastomeric insulation bonded with laminated polymeric protective 
membrane or aluminum sheet. 

a. Armacell Company 

b. K-Flex Clad 

4. Calcium Silicate Insulation: 

a. Industrial Insulation Group (The); Thermo-12 Gold. 

b. Owens-Corning Fiberglas Corp. 

c. Pabco. 

d. Schuller International, Inc. 
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5. Aluminum Metal Jacket: 

a. Childers Products, Division of ITW; Metal Jacketing Systems. 

b. PABCO Metals Corporation; Surefit. 

c. RPR Products, Inc.; Insul-Mate. 

2.02 PIPING INSULATION MATERIALS 

A. Comply with requirements in Part 3 schedule articles for where insulating materials shall be 
applied. 

B. Products shall not contain asbestos, lead, mercury, or mercury compounds. 

C. Supply insulation products that assure excellent IAQ (Indoor Air Quality) performance 
through Greenguard Certification whenever possible. 

D. Calcium Silicate Insulation for High Temperature Pipe: 

1.  Preformed Pipe Sections:  Flat-, curved-, and grooved-block sections of 
noncombustible, inorganic, hydrous calcium silicate with a non-asbestos fibrous 
reinforcement.  Comply with ASTM C 533, Type I. 

2. Flat-, curved-, and grooved-block sections of noncombustible, inorganic, hydrous 
calcium silicate with a non-asbestos fibrous reinforcement.  Comply with 
ASTM C 533, Type I. 

3. Prefabricated Fitting Covers:  Comply with ASTM C 450 and ASTM C 585 for 
dimensions used in preforming insulation to cover valves, elbows, tees, and 
flanges. 
 

E. Fiberglass Piping Insulation:  Mineral or glass fibers bonded with a thermosetting resin.  
Comply with ASTM C 547, Type I, Grade A, with factory-applied ASJ-SSL. 

F. Flexible Closed Cell Elastomeric Piping Insulation:  Closed-cell, or expanded rubber 
tubular material, ASTM C 534, Type I.  Jacketing not required for interior application unless 
specified elsewhere. 

G. Jackets for Piping Insulation:  ASJ-SSL:  ASJ with self-sealing, pressure-sensitive, acrylic-
based adhesive covered by a removable protective strip; complying with ASTM C 1136, 
Type I. 

1. Encase interior pipe fittings insulation with one-piece premolded PVC fitting covers, 
fastened as per manufacturer's recommendations. 

2. Encase all exterior piping insulation with aluminum jacket and aluminum fittings with 
weather-proof construction. 

a. Aluminum Jacket:  Comply with ASTM B 209 (ASTM B 209M), Alloy 3003, 
3005, 3105 or 5005, Temper H-14. 

b. Factory cut and rolled to size with finish and thickness as indicated in pipe 
insulation schedule below in Part 3 of this Section. 

c. Moisture barrier for Indoor Applications:  1-mil thick, heat-bonded polyethylene 
and kraft paper. 
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d. Moisture barrier for Indoor Applications:  3-mil thick, heat-bonded polyethylene 
and kraft paper. 

e. Provide factory fabricated fitting covers of same material and thickness as 
straight lengths of jacket.  Elbows shall be pre-formed 2-piece or gore, 45- and 
90-degree, short and long-radius elbows. 

f. Provide factory tee covers, flange and union covers, end caps and beveled 
and valve collars.   

H. Staples, Bands, Wires, and Cement:  As recommended by insulation manufacturer for 
applications indicated. 

I. Adhesives, Sealers, and Protective Finishes:  As recommended by insulation manufacturer 
for applications indicated. 

2.03 DUCTWORK INSULATION MATERIALS 

A. Comply with requirements in Part 3 schedule articles for where insulating materials shall be 
applied. 

B. Products shall not contain asbestos, lead, mercury, or mercury compounds. 

C. Supply insulation products that assure excellent IAQ (Indoor Air Quality) performance 
through Greenguard Certification whenever possible. 

D. Products that come in contact with stainless steel shall have a leachable chloride content 
of less than 50 ppm when tested according to ASTM C 871. 

 

E. Mineral-Fiber Board Thermal Insulation:  Glass fibers bonded with a thermosetting resin.  
Comply with ASTM C 612, Type IB.   For exposed duct and equipment applications, 
provide all-service jacket (ASJ) suitable for painting, manufactured from white outer facing 
kraft paper, reinforcing scrim, aluminum foil, and vinyl film.  For unexposed duct and 
plenum applications, provide insulation with factory-applied FSK jacket. 

F. Mineral-Fiber Blanket Thermal Insulation:  Glass fibers bonded with a thermosetting resin.  
Comply with ASTM C 553, Type II, and ASTM C 1290, Type III with factory-applied FSK 
jacket. 

 

 

 

G. Flexible Elastomeric Closed Cell Insulation: Average thermal conductivity not to exceed 
0.27 (Btu-in)/(hr-FT2-°F) at mean temperature of 75° F, temperature range -40° to 220° F; 
permeability not to exceed 0.20 by ASTM E96; water absorption 3 percent by ASTM D1056 
and ozone resistant.  Factory Mutual approved.  Insulation materials shall have a closed-
cell structure to provide a barrier to water vapor. Insulation material shall have an Ozone 
Depleting Potential (ODP) of zero, and be manufactured without CFCs, HFCs or HCFCs.  
Insulation shall have a Global Warming Potential (GWP) of zero. 

1. Ductwork Insulation Compounds:  Provide cements, adhesives, coatings, sealers, 
protective finishes and similar compounds as recommended by insulation 
manufacturer for applications indicated.  All joints shall be made with Armaflex® 520 
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Adhesive or a contact adhesive approved by the insulation supplier that is suitable 
for creating a complete vapor seal. 

2. Ultraviolet-Protective Coating:  As recommended by insulation manufacturer. 

3. Laminated bonded outdoor jacketing system: Closed cell elastomeric Armaflex 

insulation with a 12 mil thickness laminated covering membrane (a UV protective 
white, blended polymeric top surface made with alternating layers of aluminum foil 
and polyester film coated with cold weather acrylic adhesive).  Construction of 
laminate designed to provide UV resistance, high puncture and tear resistance. 

a. The membrane shall have a 10-year warranty against breakdown due to UV 
radiation. Insulation layer between outer layer of duct and exterior jacket shall 
be a mold-resistant flexible elastomeric thermal insulation.   Its closed-cell 
structure prevents condensation and moisture wicking. 

 

 

H. Ductwork Insulation Accessories:  Provide staples, bands, wires, tape, anchors, corner 
angles and similar accessories as recommended by insulation manufacturer for 
applications indicated. 

I. Ductwork Insulation Compounds:  Provide cements, adhesives, coatings, sealers, 
protective finishes and similar compounds as recommended by insulation manufacturer for 
applications indicated. 

 

 

2.04 FIRE-RATED INSULATION SYSTEMS 

A. Fire-Rated Blanket:  High-temperature, non-asbestos, flexible, ceramic fiber blanket 
insulation with FSK jacket that is tested for zero inch clearance to combustible construction 
and certified to provide 2-hour fire rating by a NRTL acceptable to authority having 
jurisdiction.   

1.  Products:  Subject to compliance with requirements, provide one of the following: 

a. CertainTeed Corp.; FlameChek. 

b. Johns Manville; Firetemp Wrap. 

c. Nelson Firestop Products; Nelson FSB Flameshield Blanket. 

d. Thermal Ceramics; FireMaster Duct Wrap. 

e. 3M; Fire Barrier Wrap Products. 

f. Unifrax Corporation; FyreWrap. 

 

PART 3 -- EXECUTION 
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3.01 INSPECTION AND PREPARATION 
 

A. Examine areas and conditions under which mechanical insulation is to be installed.  Do not 
proceed with work until unsatisfactory conditions have been corrected in manner acceptable 
to Installer. 
 

B. Surface Preparation:  Clean and prepare surfaces to be insulated.  Before insulating, apply a 
corrosion coating to insulated surfaces as follows: 
 
1. Carbon Steel Pipe:  Coat carbon steel operating at a service temperature between 

32 and 300 degree F with an epoxy coating.  Consult coating manufacturer for 
appropriate coating materials and application methods for operating temperature 
range.  Refer to Division 9 for finish coating requirements.  

 
3.02 INDOOR PIPING INSULATION SCHEDULE 
 

A. Condensate and Equipment Drain Water below 65 Degree F: 

1. All Pipe Sizes:  Insulation shall be the following: 

a. Flexible Elastomeric:  3/4 inch thick. 

B. Chilled Water, 50 Degrees F and below: 

1. All Pipe Sizes:  Insulation shall the following: 

a. Flexible Elastomeric:  1 inch thick. 

C. Heating-Hot-Water Supply and Return, 200 Degree F and below: 

1. NPS 12 and Smaller:  Insulation shall be the following: 

a. Mineral-Fiber, Preformed Pipe, Type I: 1-1/2 inches thick. 

D.  Hydronic Piping 
 

1.All Pipe Sizes: Insulation shall be the following: 
 

a.  Flexible Elastomeric: 1 inch thick. 
 

3.03 DUCTWORK SYSTEM INSULATION SCHEDULE 
 

A. Plenums and Ducts Requiring Insulation: 
 

1. Indoor, concealed supply and outdoor air. 

2. Indoor, exposed supply and outdoor air. 

3. Indoor, Type I, commercial, kitchen hood exhaust. 

4. Indoor, concealed exhaust between isolation damper and penetration of building ex- 
terior. 
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5. Indoor, exposed exhaust between isolation damper and penetration of building 
exterior. 

6. Outdoor, concealed supply and return. 

7. Outdoor, exposed supply and return. 

 
B. Items Not Field Insulated: 
 

1. Metal ducts with acoustical duct liner of sufficient thickness to comply with energy 
code and ASHRAE/IESNA 90.1. 

2. Factory-insulated plenums and casings. 

3. Flexible connectors. 

4. Vibration-control devices. 

5.  Factory-insulated double walled round and flat-oval duct. 

6. Factory-insulated access panels and doors. 

C.  Exposed, rectangular, supply-air duct, and plenum insulation shall be one of the 
following: 

 
1. Externally thermally insulated with 1-1/2 inches thick and 3-lb/cu. ft. nominal 

density mineral-fiber board insulation. 
 

2.  Externally thermally insulated with 1-inches thick, flexible closed cell elastomeric 
foam insulation. 

D.  Concealed, rectangular, supply-air duct and plenum insulation shall be one of the 
following: 

 
1. Externally thermally insulated with 2-inches thick and 1.5-lb/cu. ft. nominal density 

mineral-fiber blanket insulation. 
 

2.  Externally thermally insulated with 1-inches thick, flexible closed cell elastomeric 
foam insulation. 

 
E. Outside Air, Plenums behind Louvers– Exposed and concealed (indoors): 

 
1. Externally thermally insulated with 2-inches thick and 3-lb/cu. ft. nominal density 

mineral-fiber board insulation. 
 
 

F. Exposed or concealed supply and outside air, round and flat-oval ductwork, (indoors): 
 

1. Externally thermally insulated with 2-inches thick and 1.5-lb/cu. ft. nominal density 
mineral-fiber blanket insulation. 
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G. Outside Air, Plenums behind Louvers and Supply Ductwork – Exposed and concealed 
(indoors): 

 
1. Externally thermally insulated with 1-inches thick, flexible closed cell elastomeric 

foam insulation.  
 

H. Supply, Return and Outside Air Ductwork  (Outdoors) – Exposed shall be one of the 
following: 
 
1. Externally thermally insulated with 2-inch thick closed cell Armatuff laminated, UV 

protected jacket/insulation system. 

2. Externally thermally insulated with 2-inch thick closed cell K-Flex aluminum clad 
laminated, UV protected jacket/insulation system. 

 
3.04 INSTALLATION OF PIPING INSULATION 
 

A. General:  Install insulation products in accordance with manufacturer's written instructions, 
and in accordance with recognized industry practices to ensure that insulation serves its 
intended purpose. 

 
B. Install insulation on pipe systems subsequent to installation of painting, testing, and 

acceptance of tests. 
 

C. Install insulation materials with smooth and even surfaces.  Insulate each continuous run of 
piping with full-length units of insulation, with single cut piece to complete run.  Do not use 
cut pieces or scraps abutting each other. 

 
D. Clean and dry pipe surfaces prior to insulating.  Butt insulation joints firmly together to 

ensure complete and tight fit over surfaces to be covered. 
 

E. Insulation Installation at Roof Penetrations:  Install insulation continuously through roof 
penetrations. 

F.  Insulation Installation at Roof Penetrations:  Install insulation continuously through roof 
penetrations. 

1. Seal penetrations with flashing sealant. 

2. For applications requiring only indoor insulation, terminate insulation above roof 
surface and seal with joint sealant.  For applications requiring indoor and outdoor 
insulation, install insulation for outdoor applications tightly joined to indoor 
insulation ends.  Seal joint with joint sealant. 

3. Extend jacket of outdoor insulation outside roof flashing at least 2 inches below 
top of roof flashing. 

4. Seal jacket to roof flashing with flashing sealant. 

G. Insulation Installation at Underground Exterior Wall Penetrations:  Terminate insulation 
flush with sleeve link-seal.  Seal terminations with flashing sealant. 
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H.    Insulation Installation at Aboveground Exterior Wall Penetrations:  Install insulation 
continuously through wall penetrations. 

1. Seal penetrations with flashing sealant. 

2. For applications requiring only indoor insulation, terminate insulation inside wall 
surface and seal with joint sealant.  For applications requiring indoor and outdoor 
insulation, install insulation for outdoor applications tightly joined to indoor 
insulation ends.  Seal joint with joint sealant. 

3. Extend jacket of outdoor insulation outside wall flashing and overlap wall flashing 
at least 2 inches. 

4. Seal jacket to wall flashing with flashing sealant. 

I Maintain integrity of vapor-barrier jackets on pipe insulation, and protect to prevent puncture 
or other damage. 

 
J. Cover valves, fittings and similar items in each piping system with equivalent thickness and 

composition of insulation as applied to adjoining pipe run.  Install factory molded, precut or 
job fabricated units (at Installer's option) except where specific form or type is indicated. 

 
K. Extend piping insulation without interruption through walls, floors and similar piping 

penetrations, except where otherwise indicated. 
 

L. Butt pipe insulation against pipe hanger insulation inserts.  For hot pipes, apply 3" wide 
vapor barrier tape or band over the butt joints.  For cold piping apply wet coat of vapor 
barrier lap cement on butt joints and seal joints with 3" wide vapor barrier tape or band. 

 
 
3.05 INSTALLATION OF DUCTWORK INSULATION 
 

A. Install insulation products in accordance with manufacturer's written instructions, and in 
accordance with recognized industry practices to ensure that insulation serves its intended 
purpose. 

 
B. Install insulation materials with smooth and even surfaces. 

 
C. Clean and dry ductwork prior to insulating.  Butt insulation joints firmly together to ensure 

complete and tight fit over surfaces to be covered. 
 

I. Maintain integrity of vapor-barrier on ductwork insulation, and protect it to prevent puncture 
and other damage. 
 

J. Install insulation with tight longitudinal seams and end joints.  Bond seams and joints with 
adhesive recommended by insulation material manufacturer. 
 

K. Install insulation with least number of joints practical. 
 

E. Extend ductwork insulation without interruption through walls, floors and similar ductwork 
penetrations, except where otherwise indicated. 
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F. Corner Angles:  Install corner angles on external corners of insulation on ductwork in 
exposed finished spaces before covering with jacketing. 
 

G. For exterior ductwork insulation, install using manufacturer’s recommended adhesives or 
with pre-applied pressure sensitive adhesive (PSA) for application to large, flat or curved 
metal surfaces.  For all ductwork insulation the seams must be installed in compression and 
sealed with Armaflex Adhesives. Cover exterior insulation seams with ArmaTuff Seal Tape. 

1. Armaflex 520 Adhesive is a contact adhesive: therefore it must be applied to both 
surfaces, allowed to get tacky, and the surfaces joined with pressure. Exterior duct 
work must be pitched to allow rain water to run off the insulation. 

2. The application temperature should be above 40° F and below 100° F. 

3. Follow manufacturer’s step by step instructions for preparation, cutting, fitting, 
adhering and sealing techniques. 

 
 
3.06 DELIVERY, STORAGE, AND HANDLING 
 

A. Deliver insulation, coverings, cements, adhesives, and coatings to site in containers with 
manufacturer's stamp or label, affixed showing fire hazard indexes of products.   

 
B. Protect insulation against dirt, water, and chemical and mechanical damage.  Do not install 

damaged or wet insulation; remove from project site. 
 
3.07 PROTECTION AND REPLACEMENT 
 

A. Replace damaged insulation which cannot be repaired satisfactorily, including units with 
vapor barrier damage and moisture saturated units. 

 
 
 

- END OF SECTION - 
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SECTION 15610 
 

HVAC HYDRONIC PIPING AND ACCESSORIES 

PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design Builder shall furnish and install all HVAC piping, valves, fittings, specialties, 
accessories as shown on the Drawings and in accordance with the Specifications. 

 
B. This Section includes piping, valves, hydronic specialties for hot-water heating, chilled-

water cooling, condenser water systems; makeup water for these systems; drain lines, 
condensate drain piping, air vent piping specialties and hangers and supports. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 15500 – Basic HVAC Requirements  
 

B. Section 15512 – HVAC Pumps  
 

C. Section 15611 – Bladder Type Expansion Tank 
 

D. Section 15612 – Hydronic Piping Insulation  
 

E. Section 15710 – Heat Exchanger 
 

F. Section 15990 – Testing, Adjusting and Balancing 
 
1.03 REFERENCES 
 

A. ASTM A126. Standard Specification for Gray Iron Casting for Valves, Flanges and Pipe 
Fittings 

 
B. ASTM A193. Standard Specification for Alloy Steel and Stainless Steel Bolting Materials 

for High Temperature Services 
 
C. ASME Compliance:  Comply with ASME B31.9, "Building Services Piping," for materials, 

products, and installation.  Safety valves and pressure vessels shall bear the appropriate 
ASME label.  Fabricate and stamp air separators and expansion tanks to comply with 
the ASME Boiler and Pressure Vessel Code, Section VIII, Division 1. 

 
D. Steel Support Welding:  Qualify Process and Operators according to AWS D1.1/D1.1M 

“Structural Welding Code- Steel” 
 
E.  ASME B16.10 and ASME B16.34 for ferrous valve dimensions and design criteria. 
 
F.  ANSI B.16.1 Cast Iron Pipe Flanges and Flanged Fittings 
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G ANSI A21.11, Rubber-Gasket Joints or Ductile-Iron Pressure Pipe and Fittings 
 
H. AWWA, C500 Metal Seated Gate Valves for Water Supply Service 
 
I. AWWA, C508 Swing Check Valves for Waterworks Service, 2 in. through 24 in. 
 
J. AWWA, C509, Resilient Seated Gate Valves for Water Supply Service 
 
 
K. AWWA, C504, Rubber Seal Butterfly Valve 
 
L. AWWA, C507, Ball Valves for Water supply Service 
 
M. The Manufacturers Standardization Society of the Valve and Fitting Industry: 

MSS SP-58 - Pipe Hangers and Supports - Materials, Design and Manufacture. 

MSS SP-69 - Pipe Hangers and Supports - Selection and Application. 

MSS SP-89 - Pipe Hangers and Supports - Fabrication and Installation Practices. 

MSS SP-90 - Guidelines on Terminology for Pipe Hangers and Supports. 

 
1.04 SUBMITTALS 
 

A. Product Data:  For each type of special-duty valve indicated.  Include flow and pressure 
drop curves based on manufacturer's testing for diverting fittings, calibrated balancing 
valves, and automatic flow-control valves. 

 
B.   Design Builder shall submit drawing at scale showing the piping layout, fabrication and 

location of the pipe anchors, hangers, supports for multiple pipes, alignment guides, 
expansion joints and loops, and attachments of the same to the building structure. Detail 
location of anchors, alignment guides, and expansion joints and loops.  

 
C. Welding Certificates:  Copies of certificates for welding procedures and personnel. 
 
D. Submittals are required for all valves and accessories.  Submittals shall include all layout 

dimensions, size and materials of construction for all components, information on 
support and anchoring where necessary, pneumatic and hydraulic characteristics and 
complete descriptive information to demonstrate full compliance with the specifications.  
Shop Drawings for electrically operated valves shall include all details, notes, and 
diagrams which clearly identify required coordination with the electrical power supply 
and remote status and alarm indicating devices.  Electrical control schematic diagrams 
shall be submitted with the Shop Drawings for all electrical controls.  Diagrams shall be 
drawn using a ladder-type format in accordance with JIC (Joint Industrial Council) 
standards.  Shop Drawings for pneumatically operated valves shall include all details, 
notes, and diagrams which clearly identify required coordination with the compressed air 
(service air) system and electrical controls. 
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E. Operation and maintenance manuals and installation instructions shall be submitted for 
all valves and accessories in accordance with the Specifications.  The manufacturer(s) 
shall delete all information which does not apply to the equipment being furnished. 

 
F. For hangers and supports submittals, the Design Builder shall submit the following for 

approval: 
 

1. Name and qualifications of the support and hanger engineer. 
 
2. Detailed drawings showing all hangers and support for each piping system. 

Working drawings shall show location, installation, material, of all hangers and 
supports.  

 
3. Design Builder shall submit the following product information for approval: 
 

a.  Manufacturer’s catalog and engineering data on all hangers and supports 
b.  Load ratings 
c.  Materials 
d.  Installation detail 

 
4. Design Builder shall provide detailed drawings of each pipe support; each 

drawing shall contain enough information to verify the pipe support design and to 
allow the manufacture of the device. At a minimum the Design Builder shall 
submit: 

 
a.  Scaled details of the device with dimensions 
b.  A complete bills of materials 
c.  Detailed connections to existing structures 
d.  Shop and field welds   

 
5. Each submittal shall have the following  
 

a. Unique identification number and revision level 
 
1.05 QUALITY ASSURANCE 
 

A. Welding:  Qualify processes and operators according to the ASME Boiler and Pressure 
Vessel Code:  Section IX, "Welding and Brazing Qualifications." 

 
B. ASME Compliance:  Comply with ASME B31.9, "Building Services Piping," for materials, 

products, and installation.  Safety valves and pressure vessels shall bear the appropriate 
ASME label.  Fabricate and stamp air separators and expansion tanks to comply with 
the ASME Boiler and Pressure Vessel Code, Section VIII, Division 1. 

 
C. Steel Support Welding:  Qualify Process and Operators according to AWS D1.1/D1.1M 

“Structural Welding Code- Steel” 
 
D. Manufacturers of piping, valves, specialties and hangers and supports shall have a 

minimum of 5 years of experience in the production of such as elements 
 
E. Each type of valve, appurtenances and hangers and supports shall be the product of 
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one manufacturer. 
 
1.06 COORDINATION 
 

A. Coordinate layout and installation of hydronic piping and suspension system 
components with other construction, including light fixtures, HVAC equipment, fire-
suppression-system components, and partition assemblies. 

 
B. Coordinate pipe sleeve installations for foundation wall penetrations. 
 
C. Coordinate piping installation with roof curbs, equipment supports, and roof penetrations.  

Roof specialties are specified in Division 7 Sections. 
 
D. Coordinate pipe fitting pressure classes with products specified in related Sections. 
 
E. Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into base.  

Concrete, reinforcement, and formwork requirements are specified in Division 3 
Sections. 

 
F. Coordinate installation of pipe sleeves for penetrations through exterior walls and floor 

assemblies.  Coordinate with requirements for firestopping. 
 

1.07 EXTRA MATERIALS 
 

A. Water Treatment Chemicals (Inhibited Propylene Glycol):  Furnish sufficient chemicals 
for initial system startup and for preventive maintenance for one year from date of 
Substantial Completion, the concentration of glycol in the water shall be minimum 25% 
per volume. 

 
 
PART 2 -- PRODUCTS 
 
2.01 PIPING MATERIALS 
 

A. General:  Refer to Section 3.01 of this Specification for applications of pipe and fitting 
materials.  

 
2.02 STEEL PIPE AND FITTINGS 
 

A. Steel Pipe, NPS 6 and Smaller:  ASTM A 53, Type S (seamless) Grade B, Schedule 40, 
black steel, plain ends. 

 
B. Cast-Iron Threaded Fittings:  ASME B16.4; Classes 125 and 250. 
 
C. Malleable-Iron Threaded Fittings:  ASME B16.3, Classes 150 and 300. 
 
D. Malleable-Iron Unions:  ASME B16.39; Classes 150, 250, and 300. 
 
E. Wrought-Steel Fittings:  ASTM A 234/A 234M, wall thickness to match adjoining pipe. 
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F. Welding Materials:  Comply with Section II, Part C, of the ASME Boiler and Pressure 
Vessel Code for welding materials appropriate for wall thickness and for chemical 
analysis of pipe being welded. 

 
G. Gasket Material:  Thickness, material, and type shall be suitable for fluid to be handled; 

and design temperatures and pressures. 
 
2.03 VALVES 

 
A. Check Valves: Manufacturers shall be Crane Valves, Stockham Valves and fitting 

Company 

1.  Type:  Swing, regrindable bronze disc, screw-in cap. 

2.  Materials:  Cast Iron or Carbon Steel. 

3.  End Connections: Screwed. 

4.  Rating: ANSI 200 lbs. Steam Working Pressure (SWP). 

5.  Swing check valves shall conform to AWWA C508. 

 
B. Ball Valves: Manufacturers shall be Crane Valves, Stockham Valves and fitting 

Company 

1.   Body:  Bronze, semi-steel or Stainless Steel. 

2.   Ball, Stem Handle and Hardware:  Type 316 stainless steel. 

3.  Seat, Packing and Gasket:  Teflon. 

4.  End Connections:  up to 2 1/2”Screwed, larger than 2 ½” Flanged 

5.  Rating:  ANSI Class150 psig Water, Oil or Gas (W.O.G.). 

 
C. Butterfly Valves : Manufacturers shall be Crane Valves, Stockham Valves and fitting 

Company 

1. Sizes:   Flanged:  2” in and larger. 

2.  Valve Body:   Lug style. 

 
3. Design Working Pressure:  ANSI Class 150B lbs. 

4. Maximum Fluid Temperature:  280oF. 

5. The valves shall provide drip-tight bidirectional shut-off at the design working 
pressure as well as operating pressures.  
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6. Valve seats shall be mounted in the body.  . 

7. The valves shall be capable of being held in open, or partially open position for 
manual operation or for automatic operation.  When the disc is so held, there 
shall be no chatter or vibration of the disc or operating mechanism. 

8. Valve packing shall be replaceable without dismantling the valve. 

9. Materials of Construction:  All materials of construction shall conform to the 
requirements of AWWA C504 and shall be as follows for various valve 
components: 

10. Body:  Cast iron, ductile iron, or alloy cast iron. 

11. Shaft:  Type 316 stainless steel. 

12. Discs:  Valves smaller than 30 in.:  Cast iron. 

13. Seats:  Buna-N or other synthetic rubber suitable for the application. 

14. Seating Surfaces:  Type 316 stainless steel. 

15. Bearings: Valves Smaller than 24 in.:  Nylon. 

Valves 24 in. and Larger:  Fiberglass with Teflon lining. 
 
16. Shaft Seals:  Self-adjusting V-type chevron, material same as of seats. 

 
17. Tapered Pins for Attachment of Shaft to Disc:  Type 316 stainless steel. 

18. All internal and external bolting and other hardware including pins, set screws, 
studs, bolts, nuts and washers:  Type 316 stainless steel. 

19. Interior Coating:  All valves shall be coated inside.  The steel, cast-iron and 
ductile iron surfaces, except machined surfaces, shall be epoxy coated in 
accordance with AWWA C550. 

20. Testing:  All valves shall be shop tested in conformance with the requirements of 
AWWA C504. 

21. Each solenoid valve shall be protected with a strainer upstream. 

 
D. Calibrated Balancing Valves, NPS 2 1/2 and Smaller:  Bronze body, V-control port ball 

valve type, 150 psig working pressure, 250 deg F maximum operating temperature, and 
having threaded ends.  Valves shall have calibrated orifice or venturi; connections for 
portable differential pressure meter with integral seals, and equipped with a memory 
stop to retain set position. 
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E. Automatic Flow-Control Valves:  Gray-iron body, factory set to maintain constant flow 

with plus or minus 5 percent over system pressure fluctuations, and equipped with a 
readout kit including flow meter, probes, hoses, flow charts, and carrying case.  Each 
valve shall have an identification tag attached by chain, and be factory marked with the 
valve number, and flow rate.  Valve shall be line size and one of the following designs: 

 
1. Gray-iron or brass body, designed for 175 psig at 200 deg F with stainless-steel 

piston and spring. 
 
2. Brass or ferrous-metal body, designed for 300 psig at 250 deg F with corrosion-

resistant, tamperproof, self-cleaning, piston-spring assembly easily removable for 
inspection or replacement. 

 
3. Combination assemblies, including bronze v- control port ball valve and brass 

alloy control valve, with stainless-steel piston and spring, fitted with pressure and 
temperature test valves, and designed for 300 psig at 250 deg F. 

 
F. Needle Valves: Manufacturers shall be Crane Valves, Stockham Valves and fitting 

Company 
 

1. Type:  Long tapered plug for fine flow regulation 
 
2. Body and Wetted Parts: Bronze 
 
3. Handwheel:  Malleable iron 
 
4. Hardware:  Type 316 stainless steel 
 
5. End Connections: Screwed 
 
6. Rating: 150 psig 

 
G. Dielectric Pipe Couplings: Dissimilar materials shall be electrically insulated from each 

other by coupling unions, or flanges commercially manufactured for this purpose, and 
rated for the service pressure and temperature. 

1.  Provide at every location where copper pipe connects to steel, stainless steel 
pipe connects to ductile iron or equipment and underground / above grade piping 
connections. 

2.  Body:  Steel. 

3. End Connections:  Flanged  

4.  Pressure Rating:  200 psig at 225°F. 
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2.04 VALVES FOR THERMOPLASTIC PIPING 

A. Ball Valves: Manufacturers shall be Asahi/America, Inc., Hayward Industrial Products 
Inc. and Colonial valves. 

1.  Type:  True union, full port. 

2.  Body and Ball:  Poly (Vinyl Chloride) (PVC) Compounds, ASTM D 1784. 

3.  Stem:  Type 316 stainless steel. 

4.  Seats:  Teflon. 

5.  Seals:  Viton. 

6.  O-Rings:   Ethylene Propylene Dienne Termopolymer (EPDM). 

7.  End Connections: Socket solvent welded unions or flanges as required. 

8.  Rating: 150 psig at 73oF.     

B.  Check Valves: Manufacturers shall be Asahi/America, Inc., Hayward Industrial Products 
Inc. and Colonial valves. 

1.  Type:  True union, ball. 

2.  Body and Ball:  Chlorinated Poly (Vinyl Chloride) (PVC) Compounds, ASTM D 
1784. 

3. Seats:  Teflon. 

4.  Seals:  Viton. 

5.  O-rings:   Ethylene Propylene Dienne Termopolymer (EPDM). 

6.  End Connections:  Socket solvent welded unions or flanges as required. 

7.  Rating:  150 psig at 73oF. 

C.  Diaphragm Valves:  Manufacturers shall be Asahi/America, Inc., Hayward Industrial 
Products Inc. and Colonial valves. 

1.  Body:   Chlorinated Poly (Vinyl Chloride) ((PVC) Compounds, ASTM D 1784. 

2.  Diaphragm:  Teflon. 



 
Sustainable Water Phase 3 –  HVAC Hydronic Piping and Accessories – REV 0 
Demonstration Facility 15610-9 IFC June 2017 

3.  End Connections:  2" and Larger:  Flanged, ANSI B16.1 class 125, Less than 2":  
Socket solvent welded unions. 

4.  Rating:  60 psig at 73oF, bubble tight closure. 

D.  Butterfly Valves: Manufacturers shall be Asahi/America, Inc., Hayward Industrial 
Products Inc. and Colonial valves. 

1.  Type: Short body. 

2.  Body: Solid Poly(Vinyl Chloride) (PVC) Compounds. 

3.  Disc: Poly (Vinylidene Fluoride) (PVDF). 

4.  Seats and Shaft: Viton. 

5.  Seat and Shaft Seals: Elastomer. 

6.  Bearings: Glass-filled Teflon. 

7.  Operators: Locking handle constructed of reinforced plastic. 

8.  End Connections:  2 1/2 - inch and larger: Flanged ends conforming to ANSI 
B16.1, Class 125.Less than 2-inches: Socket solvent welded unions. 

 
2.05 GAUGES & METERS 

  
A. Thermometers 

1. Thermometers shall be all 300 Series stainless steel welded construction, 5” anti-
parallax dial with bold black on non-reflective satin or white background, 
hermetically sealed and weatherproof, vibration dampened bimetallic actuation, 

over range protection of 50 percent full scale up to 500 F and 10 percent above 

500 F, external recalibrator, 1 percent full scale accuracy.  Thermometers shall 
be of the variangle stem configuration to maintain perpendicular orientation of the 

dial face to the User’s vision.  Temperature ranges shall be: 0/20-140 F. 

2. Acceptable products:  Tel-Tru Manufacturing #AA575R, Marshall Town Figure 
254, or A. A. Weiss & Sons #5VBM. 

B. Pressure Gauges 
 

1. Pressure gages shall be selected so that normal operating pressures fall at 
approximately midscale and so that continuous operation does not exceed 75 
percent of full scale.  Range – 0 – 70 PSI 

2. Pressure gages shall be 4-1/2” dial type with bold black markings on white 
background, aluminum or steel pressure relieving case, phosphor bronze brazed 
Bourdon tube, bronze and stainless steel movement, provision for zero shift 
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calibration without removing or bending the pointer.  Accuracy shall be ANSI Grade 
A per ANSI B40.1 1980.  Acceptable products:  AMETEK/U. S. Gage 5000 Series, 
Marshall Town Figures 42 and 224, or A. A. Weiss & Sons #PG-1 Series.+ 

C. Pressure Switches 

 1. Shall be stainless steel construction. 

2. Shall provide a 4-20 mA signal to the chemical pump.  Sensor range shall center 
around 30 PSI with a minimum of deadband. 

3. Pressure sensor shall be Ashcroft G or L Series Multifunction Pressure Switches. 

D. Differential Pressure Gauge  

1. Pressure gages shall be selected so that normal operating pressures fall at 
approximately midscale and so that continuous operation does not exceed 75 
percent of full scale.  Range – 0 – 15 PSI (Typical).  Range for Pump differential 
pressure gauge – 0 – 60 PSI. 

2. Pressure gages shall be 4-1/2” dial type with bold black markings on white 
background, aluminum or steel pressure relieving case, bronze and stainless steel 
movement, provision for zero shift calibration without removing or bending the 
pointer.  Accuracy shall be ANSI Grade A per ANSI B40.1 1980. 

3. Acceptable manufacturers: 

a. Ashcroft 

b. Dwyer 

c. Midwest Instrument  

2.06 WATER METER 

A. Turbine Type with magnetic drive (3 to 4-inch):  

1.  All meters furnished shall be manufactured by a registered ISO 9001 quality 
standard facility. Acceptable meters shall have a minimum of fifteen (15) years of 
successful field use. All specifications meet or exceed the latest revision of 
AWWA C701.  

2.  Lead free and shall meet the Safe Drinking Water Act (SDWA) per NSF 372.  

3.  All meters shall be equipped with either direct reading hermetically sealed 
register or encoder remote registers per AWWA C707 and meet all AWWA C701 
performance standards and per local authorities standards.  

4.  The main case and cover shall be cast from NSF/ANSI 61, certified lead free 
bronze alloy. The hermetically sealed register shall consist of naturally lubricated, 
molded gears.  A positive magnetic drive shall couple the register with the 
measuring element.  

5.  Water meter shall be Trident Turbine, Neptune, or approved equal.   
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2.07 AUTOMATIC FLOW CONTROL VALVE 
 

A. Valve shall automatically control the flow through it to within 10% accuracy across 5-80 
psi differential pressure.  Valve shall match connected piping in size and be compatible 
material or else galvanically isolated.  Valve shall be HAYS Fluid Controls Mesurflo 2546 
or equal. 

 
2.08 COALESCING AIR SEPARATOR  

 
A. Air separator shall be coalescing type separator.  Bell & Gossett CRS Coalescing 

Removal Separator At standard velocity with a removable head, Or Equal. 
 
B. Air separator inlet and outlet sizes shall match pipe sizes.   

 
C. Separator shall include blowdown and skimming valves as well as a high capacity air 

vent (B & G model 98). 
 

 
 
2.08 FLOW METER 

A. Flow meter construction shall match surrounding pipe material unless otherwise 
indicated in Schedules or Plans. 
   

B. Flow meter ranges shall be from 20% – 120% of the scheduled flow in GPM, as 
indicated on Plans and Schedules.   

 
C. Meter shall be designed to measure flow of water, propylene glycol, or other 

similarly viscous fluids. 
 

D. Pressure rating for the meter shall be at least 150 psi.  The meter shall also have 
an operating temperature range of at least 40 F – 120 F. 

 
E. Meter connection shall be to similar material or else include a dielectric union. 

 
2.09 SIGHT GLASS 
 

A. Sight glass shall be made of the same material as Hydronic Piping and installed in 
parallel to the main return.  Sight glass shall have pressure rating matching rest of 
system. 

 
2.10 HYDRONIC SPECIALTIES 
 
Manufacturers shall be Bell and Gossett, Armstrong and Taco  
 

A. Manual Air Vent:  Cast Iron; 150-psig working pressure; 225 deg F operating 
temperature; manually operated with screwdriver or thumbscrew; with NPS 1/8 
discharge connection and NPS 1/2 inlet connection. 

 
B. Automatic Air Vent:  Designed to vent automatically with float principle; Cast Iron body; 

150-psig working pressure; 240 deg F operating temperature; with NPS 1/4 discharge 
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connection and NPS 1/2 inlet connection. 
 
C. Diverting Fittings:  125-psig working pressure; 250 deg F maximum operating 

temperature; cast-iron body with threaded ends, or wrought copper with soldered ends.  
Indicate flow direction on fitting. 

 
D. Y-Pattern Strainers:  125-psig working pressure; cast-iron body (ASTM A 126, Class B), 

flanged ends for NPS 2-1/2 and larger, threaded connections for NPS 2 and smaller, 
bolted cover, perforated stainless-steel basket, and bottom drain connection. 

 
Screen Perforations: 2” or smaller 1/16” inch perforations, over 2”, 1/8” perforations 

 
E. Basket Strainers:  125-psig working pressure; high-tensile cast-iron body 
(ASTM A 126, Class B), flanged-end connections, bolted cover, perforated stainless-
steel basket, and bottom drain connection. 

 
Basket Perforations: 2” or smaller 1/16” inch perforations, over 2”, 1/8” perforations 

 
E. T-Pattern Strainers: 750-psig working pressure; cast-iron body (ASTM A 126, Class B), 

Grooved ends, bolted cover, perforated stainless-steel basket, and bottom drain 
connection. 
 
Screen Perforations: 2” or smaller 1/16” inch perforations, over 2”, 1/8” perforations 

 
F. Spherical, EPDM, Flexible Connectors:  Fiber-reinforced rubber body with steel flanges 

drilled to align with Classes 150 and 300 steel flanges; operating temperatures up to 
200 deg F and pressures up to 150 psig. 

 
G. Suction Diffusers: 175 psig working pressure, cast iron body (ASTM A126, Class B), 

flanged end connections, pump connection with mesh throwaway start up strainer.  
 
Screen Perforation: 1/16” perforation for startup and 3/16” for normal operation. 
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2.11 HANGERS AND SUPPORTS 
 
The following manufacturers are acceptable: Marovato Industries, Grinnell and Anvil,  
 

A. Design Requirements 

1. Design Builder shall provide hangers and supports of sufficient strength to 
maintain the pipelines and appurtenances in proper position and alignment under 
all operating conditions. 

2.  Supports, guides and anchors for flexible couplings and expansion joints shall be 
in accordance with the coupling and joint manufacturer's specification and the 
standards of the Expansion Joints Manufacturers Association. 

3.  Wherever possible, pipe supports shall be designed using manufacturer's 
standard catalog products. 

4.  Hangers and Supports for piping systems subject to thermal expansion and 
contraction, or to similar movements imposed by other sources, shall be 
designed to provide flexibility. 

5.  Where resonance with imposed vibration and/or shock occurs during operation, 
suitable dampeners, restraints, anchors, etc., shall be added to remove those 
effects. 

6.  Stressers in hangers, rods and brackets shall be in accordance with Table 2 of 
MSS-SP-58. 

 

7.  All hangers and supports shall conform to the applicable requirements of ASME 
B31.1, MSS SP-58, SP-59, SP-69 and SP-90, except as modified herein, and be 
of standard manufacture wherever possible, and best suited for the service 
required. 

8.   Unless otherwise approved, all hangers, supports and concrete inserts shall be 
listed with Underwriters' Laboratory, Inc. 

9.   General Requirements: 

a.  Pipe and appurtenances connected to equipment shall be supported in a 
manner to prevent any stress being imposed on the equipment.  When 
manufacturers have indicated requirements that piping loads shall not be 
transmitted to their equipment, certification shall be submitted stating that 
requirements have been complied with. 

b.  Where practicable, piping shall be run in groups and parallel to building 
walls.  A minimum clearance of one inch shall be provided between pipe 
and other work. 
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c.  Hangers or supports shall be provided at all locations where piping 
changes direction. 

d.  Hangers and supports shall be capable of adjustment after placement of 
piping. 

e.  Types of hangers and supports shall be kept to a minimum. 

f.  Suspended or supported ductile iron pipe shall have a hanger or support 
adjacent to each hub or flanged end. 

g.  Vertical piping shall be supported at each floor and between floors by 
stays or braces to prevent rattling and vibration. 

h. Hanger rods shall be straight and vertical.  Chain, wire, strap or 
perforated bar hangers shall not be used.  Hangers shall not be 
suspended from piping. 

i.  Contact between dissimilar metals shall be prevented by use of copper 
plated, rubber or vinyl coated hangers or supports. 

j.  Hangers and supports shall provide for expansion and contraction 
throughout the full operating temperature range. 

k.  Any required pipe supports, for which the supports called for in this 
specification  are not applicable, shall be fabricated or constructed from 
standard galvanized steel shapes, concrete and anchor hardware, and 
shall be subject to the approval of Engineer. 

l.  Where hanger or support spacing does not correspond with joist or rib 
spacing, structural steel channels shall be attached to joists or ribs, and 
the pipes suspended there from. 

m.  All hanger rods shall be double nutted at each hanger or support. 

n.  All threaded assemblies shall be double nutted or provided with pinned 
nuts.  Alternately, tack welding of bolted assemblies may be acceptable 
unless provisions for vertical adjustment are required. 

o.  Except where otherwise shown or required, horizontally valves 6-inches 
and larger shall be supported on each side of the valve, by pipe hangers 
or supports. 

p.  At all flexible couplings, supports shall be placed on each side and as 
close to the coupling as possible.  Supports shall be the guide type, which 
prevent axial movement from resulting in pipe deflection and 
misalignment. 
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q.  Supports, anchorage and guidance for grooved end pipe shall be in 
accordance with the applicable sections of these specifications and the 
recommendations of the manufacturer. 

 
B. Accessories 

 
Appropriate materials and protective coatings shall be used to prevent failure from 
environmental and galvanic corrosion. Material that comes in contact with pipe shall be 
compatible with piping material so that neither has a deteriorating effect on the other.  

1. Hanger Rods: 

a.  Material shall be galvanized steel.  Maximum allowable working stress 
shall be 5,800 psi, calculated based on the root diameter. 

b.  Rods shall have a square head nut on top and running thread on bottom 
end. 

c.  Hanger rods for single pipe hangers shall be sized in accordance with the 
following schedule: 

 

Hanger Rod Diameter 
(Minimum) 

Pipe Size 
(inches) 

Single Rod 
(inches) 

Double Rod 
(inches) 

Maximum Load Per 
Hanger (lbs.) 

3/4 TO 1-1/2, 
INCL 

3/8 3/8 300 

2 3/8 3/8 325 

2-1/2            1/2 3/8 350 

3 1/2 3/8 400 

3-1/2 1/2 3/8 450 

4 5/8 1/2 850 

5 5/8 1/2 950 

6 3/4 5/8 1075 

8 *7/8 5/8 1350 

10 *7/8 5/8 1750 

12 *7/8 3/4 2200 

14 *1 7/8 2500 

16 *1 7/8 3075 

18 *1 7/8 3700 

20 *1-1/4 1 4425 

24 *1-1/4 1 6050 

 
* To be used subject to the Engineer’s specific approval 
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d.  Hanger loads shall be calculated based on the weight of pipe filled with 
the 20% water glycol solution plus 50 pounds per foot of dead load. 

2. Concrete Inserts, Attachment Plates and Clamps: 

a. Hanger rods up to 7/8-inch diameter shall be attached to new concrete 
structures using concrete inserts MSS SP-58, Type 18.  Inserts shall be 
malleable iron with galvanized finish.  The use of steel inserts is 
prohibited.  Design of the inserts shall permit the rods to be adjusted 
laterally in one plane and to lock the rod nut or head to the body.  The 
inserts shall be provided with openings or recesses to receive reinforcing 
rods.  To facilitate installation, slots shall be provided in the exposed 
flanges of the insert.  Inserts shall be rated to safely carry the maximum 
load which can be supported by the hanger rod. 

b. Hanger rods larger than 7/8-inch diameter shall be attached to new 
concrete by means of approved hook anchors as shown on the Contract 
Drawings. 

c. Steel beam clamps shall be malleable iron and conform to MSS SP-58 
Type 28 or 29 for wide flange or I-beams, and Type 20 for channel 
sections or where it is necessary to locate the hanger rod off the beam 
centerline. 

d. d. Steel U-shape beam attachments welded to the underside of beams, 
and welded steel brackets fastened to structural steel columns, shall be 
subject to specific approval of the Structural Steel and Pipe Supports 
Working 1. Design Buildershall furnish steel protection saddles on all 
supports for insulated pipe. 

e.  For pipe sizes less than 12 inches in diameter, provide saddles of No. 14 
U.S. gauge stainless steel curved 180 degrees for use with roller hangers 
or structural trapeze hangers and of No. 16 U.S. gauge stainless steel 
curved 120 degrees for use in clevis hangers.  Saddles shall be at least 
12-inches long.  Saddle gripping side edges shall be turned up at least to 
the thickness of insulation. 

f.  For pipe 12 inches in diameter and larger, provide  saddles of No. 12 U.S. 
gauge stainless steel with a welded center plate to provide three-edge 
support.  Saddles shall be at least as long as the pipe diameter, provide 
120 degree coverage and have edge and center plate depths equal to the 
insulation thickness. 

g.  Before placing the saddles, saddles shall be filled with either insulating 
cement or high density insulation cut to fit.  For vapor barrier insulation, 
the barrier must be maintained; contact between hanger and support and 
bare pipe will not be permitted. 
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C. Pipe Anchors and Braces 

1.   Anchors and sway braces shall be provided when required to hold the pipelines 
and equipment in position or alignment.  Pipe anchors and braces for rigid 
fastening to the structures shall be attached to steel anchor plates and anchor 
bolts set into the forms when placing concrete of new structures. Brackets and 
braces shall be attached to existing concrete structures with through bolts or 
expansion anchors. 

2.   Anchors, guides and restraints shall be provided for the proper operation of 
pipeline expansion joints. 

3.   Cast iron anchors shall be provided with stainless steel straps on piping, except 
where anchors form an integral part of pipe fittings and couplings or where an 
anchor of special design is required or shown on the Contract Drawings. 

4.   All pipe anchors, guides and restraints shall be designed to conform to ASME 
B31.1. 

 
D.   Inspection 

 

1. The inspections may include but not be limited to: mechanical and chemical 
testing, material sampling, material certifications, traceability of parts, blasting 
and painting,  visual and dimensional inspection, and free iron contamination 
check on stainless steel parts. 

 
E.  Galvanizing 

 

1. Galvanizing shall conform to Division 5- Section 05035-Galvanizing, except that 
malleable iron and concrete inserts shall be galvanized in conformance with the 
manufacturer's specifications. 

 
F. Spacing of Hangers and Supports 

1. Supports and Hangers for Horizontal Pipes: 

Supports and hangers for all piping shall be placed no farther apart than shown 
below, unless otherwise shown or specified: 

a. Ductile Iron, drawn-temper copper.  Steel and Stainless Steel Pipe: 

1)   Maximum spacing in accordance with Table 3 of ANSI/MSS-SP-
69.  The designer should check the capacity of the steel or 
building structure to which the hanger or support is attached, and 
adjust the maximum spacing accordingly. 

2) In addition, ductile iron pipe shall have a minimum of two supports 
per length and shall have a hanger or support adjacent to each 
end. 
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b.  Thermoplastic Pipe: 

1)  Pipes up to 1-inch:  2 feet-6 inches center to center. 

2) Pipes 1-1/2-inch to 3-inch:  4 feet-0 inches center to center. 

3) Pipe 4-inch to 8-inch:  6 feet-0 inches center to center. 

4)  Pipes larger than 8-inch:  8 feet-0 inches center to center. 

c.  Cast Iron Soil Pipe:  5 feet-0 inches. 

d.  Tubing less than 1-inch diameter:  In accordance with best piping practice 
and ASME B31.1, and as approved by the Engineer. 

2.  Additional supports shall be placed immediately adjacent to any change in piping 
direction, at equipment, and on both sides of valves, expansion joints and 
couplings. 

G.  Supports for Vertical Piping: 

1.  Riser clamp shall be placed under hub, fitting or coupling with approved solid 
bearing on steel sleeve.  

2.  Where riser clamps are used with plastic piping they shall be modified so as not 
to exert any compressive forces on the pipe.  

3.  Vertical piping shall be supported at each floor and between floors by stays or 
braces to prevent rattling and vibration.  Maximum spacing shall not exceed 25 
feet. 

4.  Base elbows or welded equivalent shall be provided at vertical piping bases. 

5.  Top support shall have a horizontal connection, and provide for pipe expansion. 

H. Pipelines installed under plumbing work shall be spaced in conformity with the 
requirements of the 2012 International Building Code. 

 
2.12 STAINLESS STEEL PIPE 
 

A. General 
 

The stainless steel pipe shall conform to ASTM A778 and the following requirements: 
 

1. Stainless steel shall be Type 304L alloy as shown section 3.01 of this specification. 
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2. Pipes shall be the following nominal minimum thickness: 
 

1"-2 1/2" Schedule 40S 
3"-8" Schedule 5S 
10"-12" 12 Ga Sheet 
14"-18" 11 Ga Sheet 
20" 10 Ga Sheet 
24"-36" 3/16" plate 

 
3. Fittings shall be butt weld type manufactured in accordance with ASTM A774 of the 

same raw material and in the same thicknesses as the pipe.  Long radius elbows up 
to 24" diameter shall be smooth flow; i.e. centerline to end of elbow equals 1.5 
times the nominal pipe size.  All short radius, special radius, and reducing elbows 
and long radius elbows greater than 24" diameter shall be of mitered construction 
with at least (5) miter sections for 90 degree bends, (3) mitered sections for 45 and 
60 degree bends, and (2) mitered sections for 30 degree and smaller bends.  
Reducers shall be straight tapered, cone type.  Tees, crosses, laterals and wyes 
shall be shop fabricated from pipe; however stainless steel reinforcement pads shall 
be fully welded to the branch and run of pipe to maintain the specified working 
pressure or test pressure of the system.   The thickness and width of the reinforcing 
pad shall be determined in accordance with ANSI B31.3.  
 

4. Joints shall be provided where shown on the Contract Drawings, at equipment 
connections, at locations to provide convenient handling lengths, easy removal of 
fittings and equipment, and at walls and where expansion may be required.  Joints 
at equipment connections shall match supplied equipment.  Wall pipes shall be 
flanged.  Miscellaneous joints shall be either flanged, grooved coupling   Flanged or 
restrained couplings will only be accepted. 

 
B. Flanges 

 
1. Flanges shall be Van-Stone type with backing rings.  Van-Stone flanges shall be 

rolled angle stainless steel on all piping 3-inch diameter and greater.  Backing rings 
shall be ductile iron galvanized of thickness presented in the table below.  Drilling 
shall be ANSI B16.1 Class 125.  The angle face ring thickness shall be equal to or 
greater than the wall of the pipe or fitting to which it is welded and it shall be 
continuously welded on both sides to the pipe or fitting.  The angle leg shall not 
interfere with the flange bolt holes.  The back-up flanges shall be supplied with the 
following nominal thicknesses.  All flanges and joints shall be square and true. 

 
Nom. Pipe Size 

(In.) 
 Flange Thickness 

(In.) 

2-1/2” – 3”  1/2” 
4”  9/16” 

6” – 10”  5/8” 
12” – 16”  3/4” 
18” – 20”  7/8” 
24” – 30”  1” 

36”  1-1/8” 
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2. Flanges used on stainless steel pipe for submerged service shall be welded 
using two fillet welds and shall conform to AWWA C280 – Stainless Steel 
Pipe Flanges for water service.  Flanges shall be shop welded and 
inspected per the standard. 

 
C. The Design Builder shall provide to the Engineer schedule of Victaulic grooved couplings.  

Schedule shall indicate the service associated with the mechanical coupling, type of 
mechanical coupling, size, location, working pressure, test pressure and pressure rating.  
The Design Builder is to coordinate the pipe OD with the mechanical coupling ID as per the 
manufacturer's recommendation.  Information and calculation regarding a method of 
restraining all mechanical coupling shall be submitted with shop drawings. 

 
D. Victaulic grooved ends shall be roll grooved or fabricated of Schedule 40 matching alloy 

stainless steel pipe machine grooved and taper bored to match the ID of the light wall pipe 
for full penetration welding. 

 
E. Mechanical couplings shall be similar to "Depend-O-Lok" by Victaulic Depend-O-Lock, Inc. 

Couplings shall be rated to meet or exceed the test pressure of the stainless steel pipe, and 
shall be of the fully restrained type.  Couplings shall be stainless steel, alloy to match pipe.  
Mechanical coupling type or similar to Depend-O-Lok shall meet the specifications of 
AWWA C219, ASTM 240 and meet the requirements of AWWA C220.  The end ring 
material shall be 304 stainless steel.  The size of the end ring shall be determined by the 
manufacturer.  Flanged or restrained couplings will only be accepted. 

 
F. Unless otherwise shown or required, all joints for compressed air service shall be jointed 

airtight with restrained fittings suitable for service pressure.  Body screws and bolts shall be 
constructed of 316 stainless steel.  Couplings compressed air service shall be Grip-L as 
manufactured by Straub or equal. 

 
G. Bolts, nuts and washers shall be 304 stainless steel and shall meet the requirements of 

ASTM A276, ASTM F593 for bolts and ASTM F594/836 for nuts and washers. 
 
H. Housing material shall meet the requirements of ASTM 240 specification, 304 stainless 

steel.  Gasket material or O-ring shall be of EPDM or Hypolon type of material and shall 
meet the requirements of ASTM D2000. 

 
I. Installation procedure for mechanical coupling shall be as per the manufacturer's 

recommendation. 
 
J. Stainless steel pipe shall be pickled and washed to remove discoloration and iron particles. 
 
K. Stainless steel pipe and stainless steel flanges shall be left unpainted, non-stainless steel 

flanges and other mechanical couplings shall be primed and painted in accordance with 
Section 09900. 

 
L. Stainless steel pipe must not be handled with non-stainless steel equipment. 
 
M. Teflon tape is to be placed between Van-Stone flange backing rings/other metals and all 

stainless steel pieces to prevent catalytic action and discolorations. 
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N. Materials and Workmanship 
 

1. Materials 
 

All materials shall be of the best commercial quality and shall comply with the 
requirements of the specifications of the American Society for Testing and Materials 
or the American National Standards Institute, which are applicable to the materials 
required and are approved or specified by the Engineer.  Whenever the 
characteristics of any required material are not particularly specified, or covered by 
the above mentioned specifications, such approved material shall be used as is 
customary in first class work of the nature for which the material is employed.  
When required by the Engineer, samples of the material furnished shall be tested to 
determine the physical and chemical properties and the fitness for the purpose for 
which the material so tested is to be used.  Forged and extruded parts shall be 
worked at a proper heat. 

 
2. Stainless Steel Forgings 

 
Stainless steel forgings and fittings shall comply with the Standard Specifications for 
Forged or Rolled Alloy-Steel Pipe Flanges, Forged Fittings, Valves and Parts for 
High Temperature Service, ASTM Designation A182-82a, Grade F, Type 304L and 
316L; also subject to supplementary requirements S7 thru S9, inclusive. 

 
3. 3. Stainless Steel Plates 

 
Stainless steel pipe shall be fabricated from tubes, sheets, and plates of type 304L 
stainless steel with a No. 1 HRAP finish per ASTM A480 or better.  Stainless steel 
plates shall comply with the requirements of the Standard Specifications for 
Heat-Resisting Chromium and Chromium-Nickel Stainless Steel Plate, Sheet, and 
Strip for Fusion-Welded Unfired Pressure Vessels, ASTM Designation A240-83, 
Type 304L, hot rolled, heat treated to meet the mechanical properties of the above 
designated specification. 

 

4. Fabrication 
 

The Design Builder shall submit for approval the arrangement and details of 
longitudinal and circumferential joints for fabricating the stainless steel pipes.  
Longitudinal joints shall be oriented as approved.  No fabrication shall be started 
until the shop drawings have been approved.  

 

All parts of the pipes shall be accurately cut and formed to the shapes and 
dimensions shown on the approved shop drawings.  All operations of fabrication 
and erection shall be done in accordance with the best shop and field practice for 
electric welding for the type and kind of welding required and as approved by the 
Engineer. 

 

The cutting of plates to size shall be by approved methods that will not injure the 
plates.  The edges of plates shall be accurately machined, planed, or milled to 
straight lines, true and smooth; shall be free of surface cracks; and shall be of such 
shapes and dimensions as to allow thorough fusion and complete penetration of the 
welded joints.  Edges to be welded shall be uniformly smooth and shall be free of all 
loose scale and slag accumulations before welding. 
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Before the plates are rolled, the edges of the plates shall be formed to the required 
curvature by acceptable methods.  The plates shall be cold rolled, or formed, except 
as otherwise approved, to the required curvature which shall be continuous and 
uniform from edge to edge.  The rolls shall be of sufficient length and of ample 
strength for the dimensions and thickness of the plate being rolled. 

 
No welding shall be allowed at the field. 

 
5. Tolerances 

 
Pipe spools shall be fabricated to the "Pipe Fabrication Institute" fabrication 
tolerances ES-3(1981). 

 
6. Machining 

 
All machining shall be expertly done and held strictly within the tolerances and the 
finishes shall be as shown on the drawings or approved.  The faces of forged 
flanges shall be machined to plane surfaces truly perpendicular to the axes of the 
pipes and fittings, and with required grooves and finishes, as shown on the 
drawings or approved.  Excessively heavy cuts will not be permitted; a sufficient 
number of cuts shall be made to avoid straining the material. 

 
7. Stainless Steel Threaded Fasteners 

 
Stainless steel bolts shall comply with the Standard Specification for Alloy-Steel 
Bolting Materials for High-Temperature Service, ASTM Designation: A193-83a, 
Grade B8, and stainless steel nuts shall comply with the Standard Specification for 
Carbon and Alloy Steel Nuts for Bolts for High-Pressure and High Temperature 
Service, ASTM Designation: A194-83, Grade 8F; except as hereinafter modified. 

 
A certified complete chemical analysis and physical test report of each heat and a 
statement of the heat-treatment procedure shall be furnished for the threaded 
fasteners.  Bolts shall be coldheaded except as otherwise approved.  If the size 
prohibits coldheading, bolts produced by hot heading shall be tumbled, pickled, and 
annealed in order to provide adequate resistance to corrosion.  One tension test 
shall be made for each lot of 100, or fraction thereof, of each size nut.  The straight 
proof test load value for the cone stripping test of the stainless steel nuts shall be 
based on a proof stress of 125,000 pounds per square inch. 

 
All stainless steel threaded fasteners shall be cleaned free of all scale, passivated, 
and furnished with a bright finish. 

 
8. Bolt Heads and Nuts 

 
Unless otherwise approved, or specified, all bolt heads shall be semi-finished, 
hexagonal in shape, and in accordance with the dimensions of the heavy series of 
ANSI B18.21-1-1981 for Square and Hex Bolts and Screws, Inch Series, and all 
nuts shall be semi-finished hexagonal in shape and in accordance with the 
dimensions of the heavy series of ANSI B18.2.2-1972 for Square and Hex Nuts. 
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9. Bolt Holes 
 

The axes of the bolt holes shall be truly perpendicular to the faces of forged flanges 
and all drilling and spot facing shall be as shown on the drawings or as approved. 

 
10. Threads 

 
Threads shall be in accordance with ANSI B1.1-1974 Specifications for Unified 
Screw Threads for Screws, Bolts, Nuts and Other Threaded Parts.  Coarse-Thread 
Series shall be used for sizes one inch and smaller, and 8-Thread Series for sizes 
1-1/8 inches and larger, Classes 2A and 2B, carefully threaded so as not to injure 
the material and so as to produce smooth and clean threads.  Nuts shall screw on 
neatly by hand without noticeable shake. 

 
11. Thread Lubricant 

 
At the time of assembly, the threads of all stainless steel threaded fasteners shall 
be covered with an approved Teflon lubricant. 

 
12. 12. Gaskets 

 
a. All Van-Stone flanges shall have flat faced gaskets that meet the 

requirements of AWWA C228 as modified and supplemented herein. 
 
b. All flat faced gaskets shall be min 1/8 inch thick and shall be of Buna-N 

rubber. 
 
c. All gaskets for grooved end pipe or "Depend-O-Lok" style shall be provided 

by the coupling manufacturer.  Gasket material shall be Hypalon or 
EPDM. 

 
13. Tightening of Threaded Fasteners 

 

Threaded fasteners shall be placed in the bolt holes of adjoining flanges as ordered, 
and tightened and retightened, as required, in an approved sequence.  A calibrated 
torque wrench shall be used to determine the tightness of each bolt by noting the 
torque required to turn the nut a small amount in the direction of tightening after the 
nut has been set in motion.  The torque value shall be that necessary to produce 
the required bolt tension, in kips, as directed by the Engineer.  Torque wrenches 
shall be calibrated at least once each working day of tightening, in a device capable 
of indicating actual bolt tension, not less than three typical bolts of each diameter 
chosen from the bolts to be installed.  Where there are a large number of bolts in a 
single joint, the torque wrench shall be returned to retighten the previously tightened 
bolts, which may have been loosened by subsequent bolt tightenings, until they are 
all tightened to the approved tension. 

 

14. Descaling and Cleaning 
 

After installation, the Design Builder shall wash and rinse all foreign matter from the 
piping surface.  If rusting of embedded iron occurs, the Design Builder shall pickle 
the affected surface with Oakite Deoxidizer stainless steel or equal, scrub with 
stainless steel brushes and rinse clean. 
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15. Design 

 
All joints shall be electric fusion welded.  Except as modified on the drawings in 
these specifications, the design and fabrication of the stainless steel pipes and 
flanges shall comply with the general requirements and the requirements for 
electric fusion welding of the Boiler and Pressure Vessel Code, Division 1 of 
Section VIII, Unfired Pressure Vessels, 1977 edition of ASME, and the latest 
addenda thereto, hereinafter called “the Code”.  Any article which is not 
completely dimensioned shall be designed in accordance with the rules of the 
Code; and the designs shall be submitted for approval.  Modification of these 
rules, made necessary by the use of round rubber gaskets shall be as approved.  
Lifting lugs for handling, transporting, and installing of components of the pipes 
shall be designed in accordance with approved procedures. 

 
16. 16. Welding Procedures 

 
The welding procedures shall be qualified in accordance with the requirements of 
Section IX of the Code.  At the earliest practicable date, the Design Builder shall 
submit for approval complete procedure specifications with drawings for shop 
welding work in accordance with Section IX of the Code. 

 
17. Welders and Welding 

 
All welding shall be performed using welders and procedures qualified in 
accordance with ASME Section IX.  Piping with wall thicknesses up to and including 
11 gauge (0.125") shall be welded with the TIG (GTAW) process.  Heavier walls 
shall be beveled according to procedure, root pass welded with the TIG (GTAW), 
subsequent weld passes performed using the TIG (GTAW), MIG (GMAW), or 
Metallic Arc (SMAW) process.  Filler metal of equal or superior ELC grades only 
shall be added to all welds to provide a cross section at the weld equal to or greater 
than the parent metal.  Weld deposit shall be smooth and evenly distributed; weld 
reinforcement shall be as follows. 

 
Wall Thickness Weld Reinforcement (Max.) I.D. O.D. 

Up to 12 Ga. (0.109") 1/16" 3/32" 
11 Ga. (0.125") to 3/16" Pl. 3/32" 1/8" 

1/4" Plate & Larger 1/8" 3/16" 
 

Concavity, undercut, cracks or crevices shall not be allowed.  Butt welds shall have 
full penetration to the interior surface, and inert argon gas shielding shall be 
provided to the interior and exterior of the joint.  Angle face rings shall be 
continuously welded on both sides to pipe or fitting.  Exterior welds, such as the 
back side of face rings or flanges and structural attachments, may be welded by the 
MIG (GMAW) or Metallic Arc (SMAW) process; however care must be taken to 
avoid melting through to the interior surface on very light walls. Excessive weld 
deposits, slag, spatter and projections shall be removed by grinding.  Welds on 
gasket surfaces shall be ground smooth. 
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18. Welding 
 

All welding and electrodes shall be in accordance with the approved procedure.  All 
electrodes shall comply with the applicable ASTM specifications.  Joints for welds 
shall be of approved design and cross section as established by the procedure 
tests. 

 
19. Edges of Plates 

 
The edges of plates at longitudinal and circumferential joints shall be accurately 
matched and retained in position during the welding operation.  Tack welds may be 
used to hold the edges in line.  Unless performed by qualified welders to qualified 
procedures, tack welds shall be removed so that they do not become a part of the 
joint.  Particular care shall be taken in matching up the edges of plates at joints to 
assure that all joints are properly aligned prior to welding.  The edges of plates 
when positioned for welding shall be parallel and be practically straight.  The 
maximum permissible parallel misalignment shall be 1/8 inch.  Special attachments, 
such as lineup clips and strongbacks, shall be stainless steel Type 316L and 
welded by qualified welders.  These special attachments shall be removed by 
chipping or grinding, and any remaining scars in the plate shall be welded and 
ground flush with the plate surface.  Unless otherwise shown on the drawings, 
single or double welded butt joints shall be used for the longitudinal and 
circumferential joints.  All welds shall be made in such a manner as to have 
minimum residual stresses in the welds after cooling and to insure uniform 
distribution of the load throughout the welded sections with no tendency to produce 
eccentric loading or shear in the weld on metal adjacent thereto. 

 
20. Finish of Welds 

 
The welds on the outside of the pipes shall be built up uniformly from the surface of 
the plate to a maximum of 3/32 inch at the center of the weld.  Particular attention is 
called to the requirement that there shall be no valley, groove or sharp shoulder in 
the completed weld and that the deposited metal shall be fused smoothly and 
uniformly into the plate surface.  The finish of the welded joints shall be reasonably 
smooth and free from irregularities, grooves, and depressions.  The interior and 
exterior surfaces within the critical zones shown on the contract drawings shall be 
ground flush, and repaired as necessary to obtain smooth surfaces and welded 
joints that blend into the adjacent plate surfaces. 

 
After the manufacturer of individual stainless steel fittings and pipe lengths, they 
shall be pickled by immersion in a tank containing an ambient nitric-hydrofluoric 
acid solution made up from Oakite Deoxidizer stainless steel, or equal, and 
monitored to generally maintain a 25% or higher solution by volume of water.  The 
duration of immersion shall be 15 to 20 minutes and may be supplemented by 
manually scrubbing or brushing with non-metallic pads or stainless steel wire 
brushes.  The acid treatment shall be followed by immersion in a rinse water tank, 
followed if necessary by a spray rinse.  The stainless steel products shall then be 
allowed to air dry to achieve passivation. 
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21. Repairs 
 

A qualified welder shall promptly make the repairs required as a result of 
examination of the original and any repair welds. 

 
22. Protection and Handling Stainless Steel 

 
In order to prevent incipient corrosion during fabrication, special efforts shall be 
made at all times to keep the stainless steel surfaces from coming in contact with 
other metals.  Stainless steel and stainless steel welds shall be cleaned with clean 
sand, stainless steel wool, stainless steel brushes, or other approved means; and 
shall be protected at all times from contamination by any materials, including carbon 
steel, that will impair its resistance to corrosion.  Approved methods of cutting, 
grinding, and handling shall be used to prevent contamination.  If air-arc, inert-arc, 
or carbon-arc cutting is used, additional metal shall be removed by approved 
mechanical means so as to provide clean, weldable edges.  All grinding of stainless 
steel shall be performed with aluminum oxide or silicon carbide grinding wheels 
bonded with resin or rubber.  Grinding wheels used on carbon steel shall not be 
used on stainless steel. 

 
23. Installation 

 
The stainless steel pipes shall be installed in the exact position shown on the 
drawings.  The Design Buildershall provide all supports, braces, threaded fasteners, 
alignment devices and hold-downs to insure proper positioning of the pipes.  
Installation shall not be started until permitted, and shall be in accordance with an 
approved procedure.  All necessary precautions shall be taken to avoid any 
damage to or contamination of the stainless steel. 

 
After installation of the pipes, they shall be adequately protected at all times against 
damage from whatever cause.  Identifying spool piece marks shall be removed with 
paint thinner or solvents and the entire stainless steel surface shall be washed with 
detergent and hot water and rinsed clean. 

 
The Design Buildershall satisfactorily repair any defect or replace, at his own 
expense, any portion of the work found to be damaged or defective. 

 
No welding shall be allowed at the field. 

 
24. Testing 

 
a. Analyses and Physical Tests 

 
All specimens and records shall be furnished and analyses and test made in 
accordance with the applicable specification.  The Engineer shall be 
informed in advance of all times of rolling, sampling, and testing, and shall 
be permitted to witness such of these operations as he desires.  Duplicate 
samples shall be furnished to the Engineer whenever required.  
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b. Field Hydrostatic Tests 
 

After installation, the piping shall be hydrostatically tested for watertightness.  
The pressure and leakage test shall consist of first raising the water 
pressure (based on the elevation of the lowest point of the section under 
test and corrected to the gauge location) to a pressure in pounds per square 
inch numerically equal to the pressure rating of the pipe.  For this test the 
Design Builder shall furnish suitable testing plugs or caps, all necessary 
pressure pumps, pipe connections, gauges, other equipment, all labor, and 
all water required. 

 
c. Repairs After Hydrostatic Tests  

 
Any joint which shows any leakage during the tests shall be satisfactorily 
repaired or replaced, and the affected portion of the installation retested.  
No section of pipes will be accepted unless it is completely watertight 
under the specified test pressure.  

 
 
PART 3 – EXECUTION 
 
3.01 PIPING APPLICATIONS 
 

A. Condensate Drain Lines: Use Type L drawn-temper copper tubing with soldered joints. 
 

B. Belowground, use Ductile Iron Pipe (open loop). Use the fewest possible joints 
belowground. 
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C. Piping Schedule: 
   

Note:  All fittings, valves, strainers, check valves, control valves, pressure reducing 
valves, etc. to be designed for 150 psig water pressure.  

 

Service Sizes Pipe Fittings & Valves 

Glycol Closed Loop 2" and smaller Sch. 40 Malleable Iron, 
Screwed 

Black steel 
ASTM A53 
Grade B (seamless) 

 

Glycol Closed Loop 2 1/2" and larger Sch. 40 Wrought-steel, 
Welded 

Black steel 
ASTM A53 
Grade B (seamless) 

Flanged 

Above Ground Open 
Loop 

2½" and smaller Sch. 40S 
PVC 
ASTM D1785  
 

Solvent Welded 

Above Ground Open 
Loop 

3" to 8” Sch. 40S 
PVC 
ASTM D1785  
 

Solvent Welded 

 
D. Piping Design Conditions: Pressure: 30-45 Psig 

 Temperature: 41-100°F 
 
3.02 VALVE APPLICATIONS 
 

A. General-Duty Valve Applications:  Unless otherwise indicated, use the following valve 
types: 

 
1. Shutoff Duty: Ball, and butterfly valves. 
 
2. Throttling Duty:  globe valves. 

 
B. Install shutoff duty valves at each branch connection to supply mains, at supply 

connection to each piece of equipment, unless only one piece of equipment is connected 
in the branch line.   

 
C. Install calibrated balancing valves in the return water line of each heating or cooling 

element and elsewhere as required to facilitate system balancing. 
 
D. Install check valves at each pump discharge and elsewhere as required to control flow 

direction. 
 
E. Install safety valves as shown on contract drawings and elsewhere as required by the 

ASME Boiler and Pressure Vessel Code.  Install safety-valve discharge piping, without 
valves, to floor.  Comply with the ASME Boiler and Pressure Vessel Code, Section VIII. 
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3.03 PIPING INSTALLATIONS 
 

A. Install groups of pipes parallel to each other, spaced to permit applying insulation and 
servicing of valves. 

 
B. Drawing plans, schematics and diagrams indicate general location and arrangement of 

piping systems. Install piping as indicated unless deviations to layout are approved by 
the Engineer.  

 
C. Welded Joint: 

 
1. Install  welded pipe joints in accordance with ASME Code for “Power Piping,” 

B31.1 
 

2. Whenever welded piping connects to equipment valves or other units needing 
maintenance, servicing, or possible removal, flange the connecting joints. Match 
the pressure rating of the pipe flanges with the pressure rating of the flanges on 
the equipment to which the piping connects. Provide flanged pipe sections to 
permit removal of equipment components. 
 

3. Welding Process: use metallic arc process.   
 

4. Welding Rods: The welding rod used for welding steel and wrought iron shall be 
approved welding rod in accordance with ASTM Spec. A233.    
 

5. Repair of Welds and Weld Defects: 
 

a. A weld is considered defective and shall be repaired if it does not meet 
the acceptance standard of each applicable non-destructive examination 
as defined ASME/ANSI B31.9. 

 
b. Repairs shall be made in accordance with ASME/ANSI B31.9.    

 
6. Brazed Joints: For copper tube and fitting joints, braze joints in accordance with 

the AWS “Soldering Manual”, the Design/Builder’s tested Procedure Qualification 
Record, ANSI B31.1 – Standard Code for Pressure Piping, “Power Piping”, ANSI 
B9.1 – Standard Safety Code for Mechanical Refrigeration.   

 
D. 7. Soldered Joints: For copper tube and fitting joints, solder joints in accordance 

with the AWS “Soldering Manual” and “The Copper Handbook.” Thoroughly clean 
tube surface and inside surface of the cup of the fittings, using very fine emery 
cloth, prior to making soldered joints. Wipe tube and fittings clean and apply flux. 
Flux shall not be used as the sole means for cleaning tube and fitting surfaces.             

 
E. Install drains, consisting of a tee fitting, NPS 3/4 ball valve, and short NPS 3/4 threaded 

nipple with cap, at low points in piping system mains and elsewhere as required for 
system drainage. 

 
F. Drainage piping shall provide a downward slope of 2% or ¼” per foot of pipe. 
 
G. Reduce pipe sizes using eccentric reducer fitting installed with level side up. 
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H. Unless otherwise indicated, install branch connections to mains using tee fittings in main 

pipe, with the takeoff coming out the bottom of the main pipe.  For up-feed risers, install 
the takeoff coming out the top of the main pipe. 

 
I. Install strainers on supply side of each control valve, pressure-reducing valve, solenoid 

valve, in-line pump, and elsewhere as indicated on drawings. Match size of strainer blow 
off connection for strainers smaller than NPS 2. 

 
J. Anchor piping for proper direction of expansion and contraction as referenced on section 

3.05 of this document. 
 
K. Seismic Information: Per IBC 2003, Seismic Design Category “C”. 
 
L. Install piping to permit valve servicing 
 
M. Install piping to allow application of insulation 
 
N. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal 

 
3.04 VALVES INSTALLATION 

A.  All valves and appurtenances shall be installed in accordance with manufacturer's 
instructions.  

B.  All valves shall be installed so that operating handwheels or wrenches may be 
conveniently turned from operating floor without interfering with access, and shall be as 
approved by the Engineer. 

C.  All valves shall be installed plumb and level.  The valves shall be free from distortion and 
strain caused by misaligned piping, equipment or other causes. 

 
D. For buried valve installations, the valve boxes shall be set plumb and centered, with 

carefully tamped to a lateral distance of 4 feet on all sides of the box, or to the 
undisturbed trench face if less than 4 feet 
 

3.05 HANGERS AND SUPPORTS 
 

A. General 
 
1. Hangers, supports, and accessories shall be located within maximum span 

lengths specified to support continuous pipeline runs unaffected by concentrated 
loadings. 

 
2.  Hangers or supports shall be provided at all locations where piping changes 

direction. 
 
3. Hangers or supports shall be provided at all locations where piping changes 

direction. 
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4. Hangers and supports shall be located to prevent vibration or swaying and to 
provide for expansion and contraction. 

 
5. Hangers rods shall be straight and vertical.  Chain, wire, strap or perforated bar 

hangers shall not be used.  Hangers shall not be suspended from piping. 
 
6. Concrete embedded items shall be installed before concrete placement. 

 
7. Embedded items shall be fastened securely to prevent movement during 

concrete placement. 
 

8. Hanger and support units installation methods shall be in accordance with 
manufacturer's recommendations. 
 

9. Hangers and supports shall be adjusted and grout placed as specified in Division 
3 Section 03600-Grout to bring pipelines to specified elevations. 
 

10.  Hangers and supports where shown shall be in accordance with the Contract 
Drawings.  Hangers and supports not shown shall comply with MSS SP-58. 
 

11.   All hangers and supports shall allow minimum 3-inches of vertical adjustment. 
 

12.   Hangers and Supports shall be of the following types: 

13. Hangers for Single Pipes: 

a.  Single pipes shall be supported by hangers suspended by rods from 
structural steel   members, inserts in concrete ceilings and beams, bottom 
of trapeze hangers and wall mounted steel angle brackets.  The strength 
of the rod shall be based on its root diameter. 

b.  Except for piping subject to thermal expansion and contraction or as 
otherwise specified, pipe hangers shall be adjustable clevis type MSS 
SP-58 Type-1. 

c.  Piping subject to thermal expansion and contraction shall be supported 
on rollers. 

14.   Hangers or Supports for Multiple Pipes: 

a.  Multiple pipes, running parallel in the same horizontal plane, and adjacent 
to each other, shall be suspended by trapeze type hangers or supported 
on wall brackets.  Trapeze hangers shall consist of channel sections 
supported from threaded rods or attached to concrete walls, columns or 
structural steel support members. 

15.   Supports for Single Pipe: 

a.  Single pipes located in a horizontal plane close to the floor shall be 
supported by one of the methods specified herein or as shown on the 
Contract Drawings. 



 
Sustainable Water Phase 3 –  HVAC Hydronic Piping and Accessories – REV 0 
Demonstration Facility 15610-32 IFC June 2017 

b.  Pipes shall be supported by adjustable stanchions, pipe saddle or roll 
supports with "U" bolts.  Stanchions shall provide at least 4-inches 
adjustment and be flanged-mounted to floor, stanchions and saddle 
stands shall be of galvanized steel. 

c.  Pipe pole supports for pipe runs above ground, out-of-doors, and where 
otherwise required, shall consist of a suitable length of stainless steel 
pipe set upright in at least four feet of concrete; two stainless steel angles 
secured to the top of the pipe, at right angle and on each side; a stainless 
steel plate welded to the top of the angles to serve as a horizontal support 
for the pipes. Supports shall be provided with attachments in the form of 
stands, clamps, rolls, rods or similar devices of the screw adjustable type 
in the vertical direction.   

d.  Where specified or shown, column supports of built-up welded stainless 
steel shall be provided, as approved by the Engineer. 

e.  Pipe rollers shall be cast ductile iron, unless otherwise shown.  Hardware 
and appurtenances shall be stainless steel. 

16.  Wall Supported Pipes:  Single or multiple pipes located adjacent to walls, 
columns or other structural members, and an excessive distance from ceilings or 
underside of beams, shall be supported using galvanized steel wall brackets, 
MSS SP-58 Type 32 or 33.   

17.  Supports for Base Elbows:  Where pipes change direction from horizontal to 
vertical through a bend, a welded or cast base anchor support shall be installed 
at the bend to carry the load. 

18. Supports for Vertical Pipes:  Pipe riser clamps shall be used to support all vertical 
pipes extending through floor slabs.  Riser clamps shall be MSS SP-58 Type 42 
or 8.  Insulation shall be removed from insulated pipes prior to installing riser 
clamps. 

19.  Concrete Supports: 

a. Where pipeline or mechanical equipment is shown, specified or required 
to be supported on concrete supports, supports shall be as specified 
herein. 

b.  Concrete supports for equipment shall be of a size and mass that will 
resist all forces, both static and dynamic, which may be developed by the 
equipment. 

c.  Concrete supports for pipe, fittings, valves and appurtenances shall be 
designed to carry the weight of the pipeline and appurtenances.  Cradles 
and anchor blocks shall safely withstand all stresses imposed by the 
pipelines, under all operating conditions.  Concrete cradles shall be 
shaped to fit the contour of the pipe. 
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d.  Concrete supports shall be anchored to the floor of main structures by 
doweling or other approved means.  Anchor bolts, extension plates, 
saddle yokes and other hold-down devices in concrete bases shall be 
placed before pouring of concrete.  Expansion bolts shall not be used on 
new concrete supports except with the specific approval of the Engineer. 

e.  Concrete supports shall be not less than Class 25 as specified on 
Division 3, Section 03300 - Cast-in-Place Concrete. 

B. Inspection 

1.  The inspections may include but not be limited to: mechanical and chemical 
testing, material sampling, material certifications, traceability of parts, blasting 
and painting, visual and dimensional inspection, and free iron contamination 
check on stainless steel parts. 

C. Galvanizing 

1.  Galvanizing shall conform to Division 5- Section 05035-Galvanizing, except that 
malleable iron and concrete inserts shall be galvanized in conformance with the 
manufacturer's specifications. 

 
D. Spacing of Hangers and Supports 

1.  Supports and Hangers for Horizontal Pipes: 

a.  Supports and hangers for all piping shall be placed no farther apart than 
shown below, unless otherwise shown or specified: 

b. Ductile Iron, drawn-temper copper, Steel and Stainless Steel Pipe: 

2. Maximum spacing in accordance with Table 3 of ANSI/MSS-SP-69.  The 
designer should check the capacity of the steel or building structure to which the 
hanger or support is attached, and adjust the maximum spacing accordingly. 

3. In addition, ductile iron pipe shall have a minimum of two supports per length and 
shall have a hanger or support adjacent to each end. 

a.  Thermoplastic Pipe: 

1) Pipes up to 1-inch:  2 feet-6 inches center to center. 

4.  Pipes 1-1/2-inch to 3-inch:  4 feet-0 inches center to center. 

5.  Pipe 4-inch to 8-inch:  6 feet-0 inches center to center. 

6.  Pipes larger than 8-inch:  8 feet-0 inches center to center. 

7.  Cast Iron Soil Pipe:  5 feet-0 inches. 
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8.  Tubing less than 1-inch diameter:  In accordance with best  piping practice and 
ASME B31.1, and as approved by the Engineer. 

 
9.  Additional supports shall be placed immediately adjacent to any change in piping 

direction, at equipment, and on both sides of valves, expansion joints and 
couplings. 

 
10.  Supports for Vertical Piping: 
 

a.  Riser clamp shall be placed under hub, fitting or coupling with approved 
solid bearing on steel sleeve.  

b.  Where riser clamps are used with plastic piping they shall be modified so 
as not to exert any compressive forces on the pipe.  

c.  Vertical piping shall be supported at each floor and between floors by 
stays or braces to prevent rattling and vibration.  Maximum spacing shall 
not exceed 25 feet. 

d.  Base elbows or welded equivalent shall be provided at vertical piping 
bases. 

e.  Top support shall have a horizontal connection, and provide for pipe 
expansion. 

11.  Pipelines installed under plumbing work shall be spaced in conformity with the 
requirements of the 2012 International Building Code. 

 
3.06 HYDRONIC SPECIALTIES INSTALLATION 
 

A. Install manual air vents at high points in piping, at heat-transfer coils, and elsewhere as 
required for system air venting. 

 
B. Install automatic air vents in mechanical equipment rooms only at high points of system 

piping, at heat-transfer coils, and elsewhere as required for system air venting. 
 
C.  Flexible hose/Connectors: Install connector in a straight line without offset, piping shall 

be supported so that connector does not carry pipe load. Flexible hose shall be installed 
in line without twisting connectors. 

 
D. Install Pressure and Temperature gauges on both sides of all hydronic equipment. 

 
3.07 TERMINAL EQUIPMENT CONNECTIONS 
 

A. Size for supply and return piping connections shall be same as for equipment 
connections. 

 
B. Install control valves in accessible locations close to connected equipment. 
 



 
Sustainable Water Phase 3 –  HVAC Hydronic Piping and Accessories – REV 0 
Demonstration Facility 15610-35 IFC June 2017 

C. Install bypass piping with globe valve around control valve.  If multiple, parallel control 
valves are installed, only one bypass is required. 

 
D. Install ports for pressure and temperature gages at coil inlet connections. 

 
3.08 CHEMICAL TREATMENT 
 

A. Hydronic closed loop shall be filled with 25% propylene glycol mixture of Tyfocor L and 
maintained between a PH of 6 – 8.  Monthly tests and treatments shall be conducted to 
ensure correct concentrations and chemistry.  25% Dowfrost Heat Transfer Fluid shall 
be an acceptable alternate. 

 
B. Fill system and perform initial chemical treatment. 

 
3.09 FIELD QUALITY CONTROL 
 

A. Prepare hydronic piping according to ASME B31.9 and as follows:  
 

1. Leave joints, including welds, uninsulated and exposed for examination during 
test. 

 
2. Provide temporary restraints for expansion joints that cannot sustain reactions 

due to test pressure.  If temporary restraints are impractical, isolate expansion 
joints from testing. 

 
3. Flush system with clean water.  Clean strainers. 
 
4. Isolate equipment from piping.  If a valve is used to isolate equipment, its closure 

shall be capable of sealing against test pressure without damage to valve.  Install 
blinds in flanged joints to isolate equipment. 

 
5. Install safety valve, set at a pressure no more than one-third higher than test 

pressure, to protect against damage by expanding liquid or other source of 
overpressure during test. 

 
B. Perform the following tests on hydronic piping:  

 
1. Use ambient temperature water as a testing medium unless there is risk of 

damage due to freezing.  Another liquid that is safe for workers and compatible 
with piping may be used. 

 
2. While filling system, use vents installed at high points of system to release 

trapped air.  Use drains installed at low points for complete draining of liquid. 
 
3. Check expansion tanks to determine that they are not air bound and that system 

is full of water. 
 
4. Subject piping system to hydrostatic test pressure that is not less than 1.5 times 

the design pressure.  Test pressure shall not exceed maximum pressure for any 
vessel, pump, valve, or other component in system under test.  Verify that stress 
due to pressure at bottom of vertical runs does not exceed either 90 percent of 
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specified minimum yield strength or 1.7 times "SE" value in Appendix A of 
ASME B31.9, "Building Services Piping." 

 
5. After hydrostatic test pressure has been applied for at least 2 hours, examine 

piping, joints, and connections for leakage.  Eliminate leaks by tightening, 
repairing, or replacing components and repeat hydrostatic test until there are no 
leaks. 

 
6. Prepare written report of testing. 

 
3.10 ADJUSTING 
 

A. Mark calibrated nameplates of pump discharge valves after hydronic system balancing 
has been completed, to permanently indicate final balanced position. 

 
B. Perform these adjustments before operating the system: 

 
1. Open valves to fully open position.  Close bypass valves. 
 
2. Check pump for proper direction of rotation. 
 
3. Set automatic fill valves for required system pressure. 
 
4. 4. Check air vents at high points of system and determine if all are installed and 

operating freely (automatic type), or bleed air completely (manual type). 
 
5. Set temperature controls so all coils are calling for full flow. 
 
6. Check operation of automatic bypass valves. 
 
7. Check and set operating temperatures of boilers, chillers, and cooling towers to 

design requirements. 
 
8. Lubricate motors and bearings. 

 
3.11 CLEANING 
 

A. Follow the Xylem/Wedeco “Ozone Generator Cooling Water System Operation & 
Maintenance Manual” instruction for initial system start-up instructions.  Or clean 
hydronic system with steam. 

 
B. Water and Chemical Rinse Cleaning 

a. Initial Water Rinse 
i. Confirm the closed loop cooling systems are prepared for operation. 
ii.  Fill the closed loop cooling water system with specification quality water 

(potable CW), distilled, de-ionized or reverse osmosis water. Ensure air is 
removed from the piping system at all high points. 

iii. Circulate the water in the closed loop cooling system for 60-90 minutes at 
a minimum of 5 FPS. Ensure the inlet and outlet valves for the chemical 
pot feeder (if applicable) are open and allow circulation through the 
feeder. Be sure to circulate water through any cross-tie piping between 
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the closed loop cooling skids and/or ozone generator skids. 
iv. Repair any leaks before proceeding. 
v. De-energize and lockout the ozone generator and closed loop cooling 

water system. 
vi. Drain the ozone generator vessel, closed loop cooling water, heat 

exchanger skid components, and all interconnect piping. Ensure that 
water has been drained from all low points in the system. 

vii. Remove all screens from strainers; clean or replace as necessary. It is 
normal for construction debris to be present in this initial rinse and 
important to check strainers and filters to remove this debris. 

b. Alkaline Cleaning 
i. Fill the closed loop cooling water system with specification quality water 

(potable CW), distilled, de-ionized or reverse osmosis water. Ensure air is 
removed from the piping system at all high points. 

ii. Circulate the water in the closed loop cooling system for 10-15 minutes. 
Ensure the inlet and outlet valves for the chemical pot feeder (if 
applicable) are open and allow circulation through the feeder. 

iii. Close the inlet and outlet valves to the chemical pot feeder. (if applicable) 
iv. Open the chemical pot feeder top fill point and drain valve to empty 

approximately half of the water from the feeder. (if applicable) 
v. Close the chemical pot feeder drain valve. (if applicable) 
vi. Add the proper ratio of Alkaline Cleaner (e.g. Nalco 2567, at a 

concentration of .02 by volume). Note that it may take multiple steps of 
filling the pot feeder or system fill point in order to add all necessary 
chemical to the closed loop system. 

vii. Close the pot feeder top fill point or system fill point. (if applicable) 
viii. Open the inlet and outlet valves to the chemical pot feeder or system fill 

point. (if applicable) 
ix. Continue circulating the water in the closed loop cooling system for a 

minimum of eight (8) hours at a minimum of 5 feet per second.  Ensure 
the inlet and outlet valves for the chemical pot feeder (if applicable) are 
open and allow circulation through the feeder. Be sure to circulate water 
through any cross-tie piping between the closed loop ozone generator 
cooling skids and/or ozone generator skids during this cleansing period. 

x. De-energize and lockout the ozone generator and closed loop cooling 
water system. 

xi. Drain the ozone generator vessel, closed loop cooling water, heat 
exchanger skid components, and all interconnect piping. Ensure that 
water has been drained from all low points in the system. 

xii. Remove all screens from strainers; clean or replace as necessary. 
c. Second Water Rinse 

i. Fill the closed loop cooling water system with specification quality water 
(potable CW), distilled, de-ionized or reverse osmosis water. Ensure air is 
removed from the piping system at all high points. 

ii. Circulate the water in the closed loop cooling system for at least one hour 
at a minimum speed of 5 feet per second. Ensure the inlet and outlet 
valves for the chemical pot feeder (if applicable) are open and allow 
circulation through the feeder. Be sure to circulate water through any 
cross-tie piping, the closed loop ozone generator cooling skids and/or 
ozone generator skids. 

iii. De-energize and lockout the ozone generator and closed loop cooling 
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water system. 
iv. Drain the ozone generator vessel, closed loop cooling water skid 

components, and all interconnect piping. Ensure that water has been 
drained from all low points in the system. If the drained water from this 
second rinse is still dirty, a second alkaline clean and water rinse cycle 
should be performed on the system. 

v. Inspect the piping system for any remaining sludge. Disassemble piping 
components if necessary for proper inspection. 

vi. Remove all screens from strainers; clean or replace as necessary. 
d. Final Fill with Treatment Chemicals and Propylene Glycol 

i. Fill the system with 25% concentration Tyfocor L (TYFO product) 
propylene glycol mixture.  Follow all manufacturer recommendations and 
instructions.  Alternately: Fill the system with a 25% DOWFROST (Dow 
Chemical Company product) propylene glycol mixture.  Follow all 
manufacturer recommendations and instructions. 

ii. Circulate closed loop system fluid through all components for 24 hours.  
Open all valves. 

iii. Check concentration of closed loop fluid, ensure PH, conductivity, and 
other relevant parameters are within acceptable limits.  Check makeup 
water system and ensure it is working properly and all valves are open 
and systems ON. 

iv. Return system to normal operation. 
v. After 24 hours check bacteria CFU/mL levels using dip slide. 
vi. Follow regular maintenance schedule for hydronic closed loop cooling 

fluid. 
 

 
 
 
 

- END OF SECTION - 
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SECTION 15611 
 

BLADDER TYPE EXPANSION TANK 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design Builder shall furnish, install and make fully operational a Bladder Type 
Expansion tank which shall be complete with all necessary accessories, in compliance with 
the following Specifications and as shown on the Drawings. 

 
B. These Specifications shall be considered as minimum requirements.  The Design Builder 

shall add such additional features as are necessary for satisfactory operation. 
 

C. All equipment supplied under this Specification shall comply in all respects with the 
provisions of the Occupational Safety and Health Act of 2007, including all standards 
promulgated under the authority of such Act, and shall also meet all applicable industrial 
codes for the State of Virginia. 

 
1.02 OPERATING CONDITIONS AND PERFORMANCE REQUIREMENTS 
 

A. Refer to schedule equipment on contract drawings 
 
1.03 RELATED SPECIFICATIONS 
 

A. Specification 15512- HVAC pumps. 
 

B. Specification 15610- HVAC Hydronic Piping. 
 

C. Specification 15612- Pipe Insulation. 
 

D. Specification 15990- Testing, adjusting and balancing. 
 
1.04 REFERENCE SPECIFICATIONS, CODES, AND STANDARDS 
 

A. Without limiting the generality of other requirements of the Specifications, all work herein 
shall conform to the applicable requirements of the following documents.  All referenced 
Specifications, codes and standards refer to the most current issue available at the time of 
the Bid. 

 
1. ASME  Section VIII, Division 1 Boiler and Pressure Vessel Code 
 
2. ASTM A 36 Standard Specification for Carbon Structural Steel 
 
3. ASTM A 285 Standard Specification for Pressure Vessel Plates, Carbon  
  Steel, Low- and Intermediate-Tensile Strength 
 
4. ASME B 16.5 Standard Specification for Pipe Flanges and Flanged Fittings 
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5. IBC 2012-International Building Code 
 

1.05 SUBMITTALS 
 

A. The Design Builder shall submit Shop Drawings, Performance data, Operation and 
Maintenance Instructions and other information as specified in accordance with Section 01 
33 00 – Submittal Procedures.  Additional required information shall include:  layout 
drawings shall be submitted and include the dimensions of all equipment, accessories, 
supports, connections, outlets, and all related piping; Equipment weights and anchor bolt 
designs. 

 
1.06 QUALITY ASSURANCE 
 

A. The equipment covered by these Specifications is intended to be standard equipment of 
proven reliability and constructed by reputable manufacturers having experience in the 
production of such equipment.  The manufacturer of the bladder-type Expansion tank shall 
be one recognized and established in the design, production, assembly, field service, and 
operation of bladder-type expansion tanks with a minimum of ten (10) years of experience. 
The equipment furnished shall be designed, constructed, and installed in accordance with 
the best practices and methods and shall operate satisfactorily when installed as shown on 
the Drawings and operated per manufacturer’s recommendations. 

 
1.07 DESIGN/BUILDER'S RESPONSIBILITIES 
 

A. The manufacturer and ultimately the Design Builder shall be totally responsible for structural 
design of the proposed Expansion tank.  The Design Builder shall submit certification that 
the systems have been designed to resist all loads implied herein and loadings stipulated in 
the 2012 International Building Code.   

 
B. The Design Builder shall provide the services of a qualified manufacturer's technical 

representative who shall adequately supervise the installation and testing of all equipment 
furnished under this Contract and instruct the Owner's operating personnel in its 
maintenance and operation as specified.  The services of the manufacturer's representative 
shall be provided for a period of not less than one (1) day as follows: 

 
1. At least one trip of one (1) day to check and supervise the installation of the 

equipment and instruct the owner’s operating personnel in the operation and 
maintenance of the tank system  

 
C. Any additional time required to achieve successful installation and operation shall be at the 

expense of the Design/Builder.  The manufacturer's representative shall sign in and out at the 
office of the Engineer's Resident Project Representative on each day he is at the project.  A 
written report covering the representative's findings and installation approval shall be mailed 
directly to the Engineer covering all inspection and outlining in detail any deficiencies noted.  
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PART 2 -- PRODUCTS 
 
2.01 ACCEPTABLE MANUFACTURERS 
 

A. This specification has been constructed around a vertical Bladder Type Expansion tank 
manufactured by Bell and Gossett, Armstrong or Amtrol.  Any related construction and/or 
design modifications necessitated due to the use of an alternate tank design shall be the 
responsibility of the Deign/Builder. 

 
2.02 EXPANSION TANK 
 

A. The Design Builder shall furnish and install a vertical bladder-type vessel as indicated on the 
drawings. 

 
B. The Pressurized expansion tank shall be designed to function properly with the specific 

valves and check valves submitted by the Design/Builder.  Acceptance of these valves shall 
be clearly stated in the expansion tank submittal. Tank shall have a heavy duty replaceable 
bladder; the bladder shall be fixed in place by a flanged assembly connection for easy 
removal and service. Tank shall be ASME stamped and rated and the steel shell shall be 
suitable for system’s working pressure. The unit shall be fitted with lifting rings, a floor 
mounted skirt for vertical installation, a NPT drain plug and a charging valve connection to 
facilitate on-site charging of the tank to meet system requirements.  Expansion tank shall be 
suitable to use with water - glycol solution. 

 
C. Tank shall be provided with a NPT pipe connection as shown on the Contract Drawings. 

 
2.03 CODES AND STANDARDS 
 

A. The tank supports, and anchor bolts shall be designed based upon local building codes in 
addition to the following criteria: 

  
1. Seismic Design Parameters conform to the 2012 IBC, Seismic Design category shall 

be “B”. 
 
2. Design for a hydrostatic test pressure of 100 psi with no reactive load permitted 

through inlet/outlet piping. 
 
3. Support tank by four support legs for attaching to a concrete floor or slab.  Material of 

construction shall comply with ASTM A36 or ASTM A285, Grade C.  Weld the 
support legs or support saddles to the tank.  Anchor bolt diameter and length shall 
be recommended by manufacturer. 

 
2.04 MATERIALS AND ASSEMBLY 
 

A. All materials provided shall be new. 
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B. Materials for the tank, design, and shop fabrication and inspection shall comply with Section 
VIII, Division 1, of the ASME Boiler and Pressure Vessel Code with only the plate steels in 
Table UCS-23 of said code being used. Provide ASME code stamp and pressure rating on 
tank. 

 
C. Minimum design pressure shall be as stated in this section of the Specifications. Perform 

hydrostatic testing in shop. Test pressure shall be 150% of the design pressure of the tank. 
 
D. Provide a threaded connection at the top of the tank to contain a gas charging valve and 

pressure gauge. Tank shell will be constructed of deep drawn carbon steel double welded 
domes and side shells with double welded seams. The bladder shall be sized to conform to 
the inner shape of the vessel.     

 
2.05 WELDING 
 

A. All welding shall be performed to the requirements of the most recent issuance of Section IX, 
Welding Qualifications, of the ASME Boiler Pressure Vessel Code. 

 
2.06 PAINTING 
 

A. All painting and coating shall be completed at the factory.  Only field paint touch-ups will be   
 allowed.   

 
2.07 Warranty 
 

A. Warranty shall be per Section 01 33 00 – Submittal Procedures. 
 
B. Manufacturer shall guarantee that the bladder-type expansion tank shall perform as 

specified and shall warrant the system, complete, to be free from defects in materials and 
workmanship for a period of two (2) years from the date of Substantial Completion.  The 
bladder-type expansion tank manufacturer shall repair or provide replacement for any 
defective components under this warranty. 

 
PART 3 -- EXECUTION 
 
3.01 INSTALLATION 
 

A. The expansion tank shall be installed in accordance with the manufacturer’s suggested 
procedures.  All supports, piping, valves, and related appurtenances shall be provided 
and installed by the Design Builder at no additional cost to the Owner.   

 
3.02 FIELD TESTS 
 

A. Field tests shall be conducted in accordance the General Conditions and Division 1and the 
manufacturer's instructions and recommendations.  Certification that the equipment has 
been tested and passed shall be submitted in accordance with Section 01 33 00 – Submittal 
Procedures and 15990- Testing, Adjusting and Balancing. 

 
3.03 TOOLS, SUPPLIES, AND SPARE PARTS 
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A. The Design Builder shall furnish all special tools necessary to disassemble service, repair 
and adjust the equipment, and any spare parts as recommended by the equipment 
manufacturer. 

 
B. All of these materials shall be properly packed, labeled and stored where directed by the 

Engineer. 
 
3.04 PAINTING 
 

A. All equipment shall have manufacturer's standard finishes.  Field painting touch-ups shall be 
as specified in Section 09900 – Painting. 

 
  
 

- END OF SECTION -  
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SECTION 15612 
 

HYDRONIC PIPING INSULATION 
 
 
 
PART 1  -- GENERAL 

1.01 SECTION INCLUDES 

A. This section includes insulation and jacketing requirements for piping systems, including 
piping, valves and accessories.  The Design Builder shall provide all labor, materials, 
equipment and incidentals as shown, specified or required to furnish and install the piping 
insulation work. 

1.02 RELATED SPECIFICATIONS 

A. Specification 09900 - Painting 

B. Specification 15610 – HVAC Hydronic piping and Accessories 

1.03 REFERENCES 

A. ASTM C 195 - Standard Specification for Mineral Fiber Thermal Insulating Cement 

B. ASTM C 240 - Standard Test Methods of Testing Cellular Glass Insulation Block 

C. ASTM C 411 - Standard Test Method for Hot-Surface Performance of High-
Temperature Thermal Insulation 

D. ASTM C 534 - Standard Specification for Preformed Flexible Elastomeric Cellular 
Thermal Insulation in Sheet and Tubular Form 

E. ASTM C 552 - Standard Specification for Cellular Glass Thermal Insulation 

F. ASTM C 547 - Standard Specification for Mineral Fiber Pipe Insulation 

G. ASTM C 1136 - Standard Specification for Flexible, Low Permeance Vapor 
Retarders for Thermal Insulation. 

H. ASTM D 1056  - Standard Specification for Flexible Cellular Materials - Sponge or 
Expanded Rubber 

I. ASTM E 84 - Standard Test Method for Surface Burning Characteristics of 
Building Materials 

J. ASTM E 96 - Standard Test Method for Water Vapor Transmission of Materials 

K. International Building Code 2012. 

L. ASHRAE 90.1-2010 

M. NFPA 255 - Surface Burning Characteristics of Building Materials 
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1.04 SUBMITTALS 

A. General: The Design Builder shall provide all submittals, including the following, as specified 
in Division 1-Submittal Procedures-01 33 00. 

B. Product Data: 

1. Insulation and related materials.  Submit the manufacturer’s technical product data, 
insulation materials, densities, fire ratings, flame-spread ratings, smoke-developed 
ratings, fuel contributed ratings, material safety data sheets and installation 
instructions for each type of piping insulation and related materials.  Submit a 
schedule showing the manufacturer’s product number, k-value, thickness, and 
furnished accessories for each piping system requiring insulation. 

2.   Submit the manufacturer’s technical data for jacketing and related materials. 

C. Installation Drawings: Complete assembly, layout and installation drawings with clearly 
marked dimensions. 

1.05 QUALITY ASSURANCE AND QUALIFICATIONS 

A. Manufacturer’s Qualifications:  Provide insulation from firms regularly engaged in 
manufacture of piping insulation products, of the types and sizes required, whose products 
have been in satisfactory use in similar services for not less than 3 years. 

B. Installer’s Qualifications:  Use a single firm with at least 5 years successful installation 
experience on projects with insulations similar to that required for this project. 

1.06 DELIVERY, STORAGE AND HANDLING 

A. General:  Deliver, store and handle all products and materials as specified in Division 1 and 
as follows. 

B. Labeling:  Deliver the insulation, coverings, cements, adhesives, and coatings to the site in 
containers with the manufacturer’s stamp or label, affixed showing the fire hazard indexes of 
products. 

C. Protection:  Protect the insulation against dirt, water, and chemical and mechanical damage. 
 Do not install damaged or wet insulation.  Remove damaged materials from the project site. 

PART 2  PRODUCTS 

2.01 MANUFACTURERS 

A. General:  Acceptable manufacturers are listed below. Other manufacturers of equivalent 
products may be submitted for approval. 

B. Style A Insulation 

1. Johns Manville Corp. 

2. Owens-Corning Fiberglass Corp. 
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3. Knauf 

C. Style B Insulation 

1. Armstrong World Industries, Inc. 

2. Rubatex Corp.  

3. Glass Cell 

D. Style C Insulation 

1. Pittsburgh Corning Corp. 

2. John Manville Corp. 

3. GIS Insulation, Inc  

E. Style D Insulation 

1. Johns Manville Corp. 

2. Owens-Corning Fiberglass Corp.  

3. CertainTeed 

F. Aluminum Jacketing 

1. Childers Product Company, Lock-On 

2. Braun Industrial. 

3. Rockwool Inc. 

G. Thermal Hanger Shields 

1. Pipe Shields Inc. 

2. Value Engineered Products Inc. 

3. American Saddle   

H. PVC Jacketing and Covers:  

1. Zeston 

2. Proto Fittings 

3. Knauf 
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2.02 FLAME/SMOKE RATINGS 

A. Piping insulation shall have a composite (insulation, jackets, coverings, sealers, mastics and 
adhesives) flame-spread index of 25 or less, fuel-contributed rating of 50 or less, and 
smoke-developed index of 50 or less, as tested by ASTM E 84 (NFPA 255) method.  Any 
treatments of jackets or facings to impart flame and smoke safety shall be permanent.  The 
use of water-soluble treatments shall be prohibited. 

2.03 BUILDING CODE COMPLIANCE 

A. Piping insulation products shall comply with the International Building Code 2012 and with 
the ASHRAE Standard 90.1-2010. 

2.04 MATERIALS 

A. Style A Insulation - Molded Fiberglass Pipe Insulation 

1. Style A insulation shall be heavy-duty, bonded fibrous glass sectional pipe insulation 
with a thermal conductivity not exceeding 0.26 BTU per hour per square foot per 
degree F per inch thickness at 50 degrees F mean temperature and not exceeding 
0.3 BTU per hour per square foot per degree F per inch thickness at 200 degrees F 
mean temperature. Insulation shall be provided with factory-applied vapor retarder.  
The vapor retarder shall be an ASJ (all-service jacket) type meeting the 
requirements of ASTM C 1136 Type 1 and consisting of laminated white kraft paper, 
reinforcing scrim and foil.  The insulation shall meet the requirements of ASTM C 
547, Type 1.  Insulation shall be rated for use at temperatures up to 850 degrees F. 

2. Joints and Seams: Provide joints and seams meeting one of the following 
requirements 

a. Field cemented joints:  All joints and seams shall be sealed with approved 
adhesive, and the joints covered with joint sealing tape at least 3 inches in 
width, permanently adhered.   

b. Sealing strips:  All longitudinal joints shall be sealed with integral adhesive 
sealing strip, and butt joints shall be covered with 3-inch width of vapor 
barrier butt joint strip tape.  

3. Fittings, flanges and valves: Provide insulation meeting one of the following 
requirements 

a. Fittings, flanges and valves shall be insulated with fiber glass molded or 
segmented insulation, and wrapped with joint sealing tape of matching color.  

b. Alternatively, fittings, flanges and valves may be insulated with factory cut 
glass blanket. 
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B. Style B Insulation - Flexible Elastomeric Cellular Insulation  

1. Style B insulation shall be flexible elastomeric type, closed cell, cylindrical or sheet 
type as required by the application. Flexible elastomeric insulation shall have a 
thermal conductivity not exceeding 0.27 BTU per hour per square foot per degree F 
per inch thickness at 75 degrees F mean temperature. Water absorption shall be 
less than 5% (ASTM D 1056). Water vapor permeability shall not exceed 0.10 perms 
per inch in accordance with ASTM E 96 Procedure A. The insulation shall meet the 
requirements of ASTM C534 and ASTM D 1056. 

2. Joints and Seams: All joints shall be cut straight and butted with no gaps.  Seal all 
joints with the manufacturer’s recommended adhesive.  

3. Fittings, flanges and valves: 

a. Seams and mitered joints shall be adhered using the manufacturer’s 
recommended adhesive.  Screwed fittings shall be sleeved and adhered with 
a minimum one-inch overlap onto the adjacent insulation.  

b. Flanges, strainers, couplings and valves shall be insulated using donuts, 
then covered with sheet or oversize tubular insulation. 

4. Coating 

a. Where insulation is installed outdoors, coatings shall be provided to protect 
the insulation from ultraviolet radiation.  Coatings shall be as recommended 
by the insulation manufacturer and approved by the Engineer. 

C. Style C Insulation - Cellular Glass 

1. Cellular glass insulation shall have a water absorption not exceeding 0.2 percent 
(ASTM C 240), have 0.20 perms-inch water vapor permeability (ASTM E 96), service 
temperature range of at least 0 to 220 degrees F, a minimum density of 8.0 lbs per 
cubic foot, compressive strength of 100 psi, and maximum thermal conductivity of 
0.32 BTU per hour per square foot per degree F per inch thickness at 75 degrees F 
average temperature.  Where field-applied stainless steel jacketing is not required 
over the insulation, the insulation shall be provided with a factory-applied facing of 
aluminum foil laminated to glass fiber reinforced white vinyl facing.  The insulation 
shall meet the requirements of ASTM C 552. 

2. Joints and Seams:  

a. Insulation joints shall be sealed with the insulation manufacturer’s 
recommended vapor-resistant joint sealant.  

b. Factory-applied facing shall have its longitudinal seams sealed with 
vapor-resistant adhesive and butt joints shall be wrapped with 3-inch width 
joint sealing tape, all as recommended by the insulation manufacturer and 
approved by the Engineer. 
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3. Fittings, flanges and valves: Fittings, flanges and valves shall be insulated with 
preformed cellular glass insulation.  Fitted insulation segments shall be used on 
sizes for which preformed shapes are not manufactured, of the same material and 
thickness and applied in the same manner as for pipe insulation. 

4. Where indicated on the Contract Drawings or in the Specifications, the interior bore 
of the insulation shall be coated to prevent abrasion of the pipe.  For pipe operating 
near ambient temperature, the coating shall be a gypsum cement molding plaster 
such as U. S. Gypsum Hydrocal B-11, or equal, as recommended by the insulation 
manufacturer. 

D. Style D Insulation - Fiberglass Pipe and Tank 

1. Style D insulation shall be fiberglass pipe and tank insulation consisting of semi-rigid 
fiberglass board bonded to a flexible vapor retarder.  Insulation shall have a thermal 
conductivity not exceeding 0.27 BTU per hour per square foot per degree F per inch 
thickness at 75 degrees F mean temperature and 0.43 BTU per hour per square foot 
per degree F per inch thickness at 250 degrees F mean temperature.  Insulation 
shall be rated for use over an operating temperature range of 0 to 650 degrees F in 
accordance with ASTM C411.  Insulation shall be provided with factory applied vapor 
retarder.  The vapor retarder shall be an ASJ (all service jacket) type consisting of 
laminated while kraft paper, reinforcing scrim and foil.  ASJ shall be rated for use 
over a temperature range of -20 to 150 degrees F and shall meet the requirements 
of ASTM 1136 Type 1. 

2. Joints and Seams: All joints and seams shall be sealed with approved adhesive, and 
the joints covered with joint sealing tape at least 3 inches in width, permanently 
adhered. 

3. Fittings, flanges and valves: Provide insulation meeting one of the following 
requirements 

a. Fittings, flanges and valves shall be insulated with fiber glass molded or 
segmented insulation, and wrapped with joint sealing tape of matching color. 

b. Alternatively, fittings, flanges and valves may be insulated with factory cut 
glass blanket. 

E. Jacketing 

1. Aluminum jacketing shall be not less than 0.016-inch thick.  It shall have a modified 
Z-lock on the longitudinal seam.  Jacketing shall be provided with an integrally 
bonded moisture barrier.  Adjacent sections shall butt together and shall be secured 
with a weather-proof butt strap.  Jacketing shall be secured with 3/4-inch wide, 
0.015-inch thick aluminum bands at a maximum spacing of twelve inches.  All edges 
of strapping shall be factory deburred.  All insulated fittings shall be finished in the 
same manner, using fitting covers and fabricated covers made from the same 
material for valves, flanges, tees, in-line accessories, and other pipeline 
appurtenances.  End caps shall be provided at the ends of the pipelines. 

2. PVC cover/jackets. PVC Insulated fitting covers should be sized to fit snugly and 
match pipe insulation thickness. PVC jacket to be minimum 0.030” thick.   
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F. Accessories 

1. Provide staples, bands, wires and cement as recommended by the insulation 
manufacturer and approved by the Engineer for the applications indicated. 

2.  Provide adhesives, sealers, and protective finishes as recommended by the 
insulation manufacturer and approved by the Engineer for the applications indicated. 

G. Thermal Hanger Shields 

1. Provide insulated pipe protectors consisting of a 360-degree high density, 100 psi, 
waterproofed calcium silicate inserts encased in 360-degree sheet metal. On cold 
water pipes provide protectors with insulation extended 1-inch beyond the sheet 
metal shield.  On heat-traced pipe, protectors shall be provided with grooves to 
accommodate the heat tracing. 

2. Provide the thickness of the insulation insert to be the same as the adjoining pipe 
insulation, and sheet metal gauge in accordance with the manufacturer’s 
recommendations. 

 
PART 3  EXECUTION 

3.01 INSPECTION 

A. General:  Examine areas and conditions under which piping insulation is to be installed. Do 
not proceed with Work until unsatisfactory conditions have been corrected in manner 
acceptable for insulation installation, as determined by the Engineer. 

3.02 INSTALLATION 

A. General:  Install piping insulation products in accordance with the manufacturer’s 
recommendations and approved shop drawings, and as specified in Division 1.  Install piping 
insulation products in accordance with the International Building Code, 2003.  Install all 
products in accordance with the recognized industry practices so that insulation serves its 
intended purpose.  Insulated thermal hangers shields shall be installed at all support points, 
except where otherwise indicated. 

B. Piping Insulation: 

1. Order of Installation:  Install insulation on pipe systems subsequent to the installation 
of heat tracing, painting, testing, and acceptance tests.  Piping shall be field tested 
and approved by the Engineer prior to installation of insulation. 

2. Cleaning and Drying: Pipe surfaces shall be cleaned and dried prior to insulating.  

3. Insulation Surfaces:  Install the insulation materials with smooth, even and flush 
adjoining surfaces.  Butt insulation joints firmly together to form a complete and tight 
fit over the surfaces to be covered. Insulate each continuous run of piping with full-
length units of insulation, with a single cut piece to complete the run.  Do not use cut 
pieces or scraps abutting each other. 
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4. Vapor Barrier:  Maintain integrity of the vapor-barrier jackets on pipe insulation, and 
protect to prevent puncture or other damage.  Vapor barrier materials shall be 
applied to form a complete, unbroken vapor seal over the entire insulated piping 
system. 

5. Insulating Fittings:  Cover valves, fittings and similar items in each piping system with 
an equivalent thickness and composition of insulation as applied to the adjoining 
pipe run.  Install factory molded, precut or job fabricated units except where a 
specific form or type is indicated. 

a. Unless indicated otherwise, piping insulation shall be extended without 
interruption through interior walls, floors and similar piping penetrations.  
Annular spaces between pipe and pipe sleeves shall be thoroughly packed 
with fibrous glass blanket and caulked with mastic so as to be soundproof 
and vermin-tight.  Provide fibrous glass blanket with properties equivalent to 
the insulation Style installed on the piping. 

b. Do not extend insulation through walls or floors that are fire rated or are 
required to be gas-tight.  

6. Pipe Hangers:   

a. Butt pipe insulation against pipe hanger insulation inserts. 

b. For hot pipes, apply a 3 inch wide vapor barrier tape or band over the butt 
joints. 

c. For cold piping apply a wet coat of the vapor barrier lap cement on butt joints 
and seal the joints with a 3 inch wide vapor barrier tape or band.  Pipe 
hangers and supports shall be installed outside of the vapor seal. 

7. Removable Items: Install removable insulation sections on the following: 

a. Devices that require access for maintenance of equipment. All equipment 
requiring insulation shall be insulated as specified herein and as required for 
a complete system, in each case the insulation shall be equivalent to that 
specified and materials approved and finished as described in these 
specifications. 

b. Items that can be removed, such as unions, screwed joints, flanges, 
strainers, etc. 

C. PVC Jacketing: Provide PVC jacketing on all indoor insulated piping systems.  Install 
jacketing in accordance with the manufacturer’s recommendations and approved shop 
drawings. 

D. Pipe exposed to weather: 

1. Provide Aluminum Jacketing in all outside insulated piping .Pipe hangers and 
supports shall be on the outside of the Aluminum jackets, and shall not penetrate the 
jacketing. 
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2. Do not install thermal hanger shields on pipelines using cellular glass insulation.  At 
each such location, a preformed Type 316 stainless steel insulation shield shall be 
provided.  The insulation shield shall envelope at least the lower half of the insulated 
pipe and shall limit the compressive load on the insulation to 33 psi or less.  

E. All jacket openings - such as at overlaps of jackets with thermal hanger shields, around 
valve stems and similar projections - shall be sealed with nonhardening, waterproof, clear or 
white sealing compound so that upon completion the insulation is essentially watertight. 

3.03 PROTECTION AND REPLACEMENT 

A. Protection:  Insulation shall be protected against dirt, water, chemical or mechanical damage 
before, during and after installation.  Follow methods which are required for protection of the 
insulation work during the remainder of construction period, to avoid damage and 
deterioration. 

B. Replacement:  Any insulation or covering damaged prior to final acceptance of the work 
shall be satisfactorily repaired or replaced, including units with vapor barrier damage and 
moisture saturated units. 

3.04 PAINTING AND CLEANING 

A. Piping insulation shall be painted in accordance with Specification 09900. 

B. The Design Builder shall remove all debris, waste materials and loose foreign matter 
resulting from installation. 

3.05 HYDRONIC PIPING SYSTEM INSULATION SCHEDULE 

A. The Design Builder shall provide piping insulation on HVAC piping systems as indicated 
below. 

B. Sub-Freezing piping (0 to 32 degrees F) HVAC Piping Systems 

1.  Style: Insulation shall be Style B 

2. Thickness:   

a. Insulation shall be 1-inch thick for pipe sizes up to and including 1-inch 

b. Insulation shall be 1-1/2 inch thick for pipe sizes over 1-inch. 

3. Install on the following for the purpose of eliminating sweating: 

a. Refrigerant suction lines systems between evaporators and compressors. 

C. Cold piping (32 degrees F to ambient) HVAC Piping Systems 

1. Style: Insulation shall be Style A 

2. Thickness:   

a. Insulation shall be 1-inch thick for pipe sizes up to and including 4 inches 
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b. Insulation shall be 1-1/2-inch thick for pipe sizes over 4 inches 

3. Install on the following for the purpose of eliminating sweating: 

a. HVAC make-up water piping systems. 

b. Air conditioner condensate drain piping systems. 

c. HVAC water (Glycol solution) supply and return piping system 

d. Interior reclaimed water systems.   

D. Hot Low Pressure (to 250 degrees F) HVAC Piping Systems 

1. Style: Insulation shall be Style A. 

2. Thickness:   

a. Insulation shall be 1-1/2-inch thick for pipe sizes up to and including 2 inches  

b. Insulation shall be 2-inch thick for pipe sizes 2-1/2 inches through 6 inches  

c. Insulation shall be 2-1/2-inch thick for pipe sizes 8-inch and greater 

3. Install on the following for the purpose of reducing heat loss and preventing injury to 
workers: 

a. Hot gas refrigerant piping systems 

E. Exterior Piping Systems 

1. Style: Insulation shall be Style C. 

2. Thickness: Insulation shall be a minimum 2-inches thick. 

3. Install on the following: 

a. Exterior piping systems. 

b. Reclaimed water piping (open loop) 

F. Insulation Omitted:  Omit insulation on hot piping within radiation enclosures or unit cabinets, 
on cold piping within unit cabinets provided that the piping is located over a drain pan and on 
heating piping beyond a control valve, located within heated space. 

- END OF SECTION - 
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SECTION 15710 
 

HEAT EXCHANGER 
 
 
 
PART 1 -- GENERAL 
 
1.01 SECTION INCLUDES 
 

A. The Design Builder shall furnish, install, test and place into satisfactory operation all heat 
exchangers shown on the Contract Drawings and as specified herein.  The Design Builder 
shall include as part of this work all bases and supports. 

 
B. The equipment shall be furnished complete with all accessories, special tools, spare parts, 

base attachments, mountings, anchor bolts and other appurtenances as specified or as may 
be required for a satisfactory installation.  

 
1.02 RELATED SPECIFICATIONS 

 
A. Specification 15990- Testing, Adjusting and Balancing 
 
B. Specification 15500- Basic HVAC Requirements 
 
C. Specification 15612- Hydronic Piping Insulation  
 
D. Specification 15610-HVAC Hydronic Piping and Accessories 

 
1.03 REFERENCES 
 

A. Equipment shall comply with the latest applicable provisions and recommendations of the 
following: 

 
1. American Society of Mechanical Engineers (ASME) 
 
2. American Society of Testing and Materials (ASTM) 
 
3. American National Standard Institute (ANSI) 
 
4. American Institute of Steel Construction (AISC) 
 
5. American Welding Society (AWS)  

 
1.04 SUBMITTALS 
 

A. In accordance with the procedures and requirements set forth in the General Conditions and 
Division 1, the Design Builder shall obtain the equipment manufacturers and submit the 
following: 

 
1. Shop Drawings 
 
2. Preliminary Operation and Maintenance Manuals 
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3. Final Operation and Maintenance Manuals 
 
4. Spare Parts List 
 
5. Special Tools List 
 
6. Reports of Certified Shop Tests 

 
B. Each submittal shall be identified by the applicable Equipment identification Number and 

Specification Section. 
 
C. Shop Drawings 

 
1. Each submittal shall be complete in all respects, incorporating all information and 

data listed herein and all additional information required for evaluation of the 
proposed equipment's compliance with the Contract Documents. 

 
2. Partial, incomplete or illegible submissions will be returned to the Design Builder 

without review for resubmittal. 
 
3. Shop drawings shall include but not be limited to: 
 

a. Equipment specifications and data sheets identifying all materials used and 
methods of fabrication. 

 
b. Complete assembly, layout, installation and foundation drawings with clearly 

marked dimensions. 
 
c. Weights of all components parts, assembled weight of units and approximate 

total shipping weight. 
 
d. Example equipment nameplate data sheet. 

 
4. Two copies of a preliminary O&M manual shall be included in the shop drawing 

submittal.  Without inclusion of these manuals, the submittal will be considered 
incomplete and will be returned without review. 

 
1.05 QUALITY ASSURANCE AND QUALIFICATIONS 
 

A. The equipment covered by these specifications is intended to be standard equipment of 
proven performance as manufactured by reputable concerns.  Equipment shall be designed, 
constructed and installed in accordance with the best practices of the trade, and shall 
operate satisfactorily when installed as shown on the Contract Drawings. 

 
B. It is the intents of these specifications that all components of the Heat Exchanger System be 

provided by one vendor.  The Design Builder shall have the sole responsibility of matching 
all components and providing equipment which functions together as a system. 
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1.06 SPARE PARTS AND SUPPLIES 
 

A. Furnish all special tools necessary to disassemble service, repair and adjust the equipment. 
 

1. Two (2) sets of gaskets for each heat exchanger. 
 
2. Furnish all spare parts as recommended by various equipment manufacturers. 

 
B. Spare parts lists, included with the shop drawing submittal shall indicate specific sizes, 

quantities, and part numbers of the items to be furnished.  Terms such as "1 lot of packing 
material" are not acceptable. 

 
C. Parts shall be completely identified with a numerical system to facilitate parts inventory 

control and stocking.  Each part shall be property identified by a separate number.  Those 
parts which are identical for more than one size shall have the same parts number. 

 
 

PART 2 -- PRODUCTS 
 
2.01 CONDITIONS OF SERVICE AND DESIGN DATA 
 

A. Shell and Tube Heat Exchangers - Acceptable Manufacturers: 
 
1. High-K 
 
2. Thermal Transfer Systems, Inc3. Hayden Industrial Products 
 
3. JFD Tube & Coil Products, Inc. 
 

B. Each heat exchanger shall be designed for the services given on the equipment schedule of 
the Contract Drawings. 
 

C. Seismic Information: Per 2012 VA Construction Code, Seismic Design Category “B”. 
 
2.02 HEAT EXCHANGERS 
 

A. Material of Construction: 
 

Heat exchanger units shall be designed in accordance with the requirements of the ASME 
Code, Section VIII, Division 1. The material of the shell and tube heat exchanger shall 
consist of a carbon steel shell and 316 stainless steel tubes. The shell and tube heat 
exchanger shall be designed to perform the capacities and pressure drops as shown on the 
equipment schedule. The shell and tube heat exchanger shall have all connections sealed 
water tight with gasket material capable of withstanding exposure to chlorides. The tube 
pattern should create a high degree of turbulent flow to ensure low fouling and scaling of the 
surfaces. 

 
B. Design: 

 

1. The heat exchanger shall be capable of maintaining scheduled Shell side GPM at 
the following temperature differentials.  Summer design – Shell side: 100 F entering/ 
90 F leaving with Tube side: 85 F entering.  Winter design – Shell side: 41 F 
entering/ 50 F leaving with Tube side: 55 F entering.  Minimum Tube side flow – see 
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schedule. 
 
2. Units should all be single pass except when significant cost savings can be realized 

with a multi-pass design.  For single pass units all connections should be located on 
the heat exchanger allowing the removal of the heads, gaskets, tube sheet, and tube 
bundle without disturbing the connections or associated piping. 

 
3. The design should allow for the cleaning of the shell and tubes with minimal 

clearances.  The design shall also minimize particulate accumulation and clogging. 
 
4. The unit shall be ASME Code stamped.  
 
5. Excess surface area of 20 percent shall be applied to the total heat transfer surface 

area to account for fouling resistance. 
 

C. Skid: 
 

1. The skid shall be carbon steel SA 516 grade 70. 
 
2. The shell and tubes shall be of sufficient thickness to meet the ASME design 

pressure. Stiffeners or support brackets are not allowed. 
 
3. Carbon steel skid components shall be painted gray with epoxy paint. 
 
4. Units with three-inch or greater connections shall be unlined or lined raised face or 

flat faced ANSI flanges. Rubber liners are not allowed. 
 
5. Units with two or two and half-inch connections shall have female tapped NPT or 

male NPT connections. 
 
6. Units with one-inch ports shall have female tapped NPT or male NPT connections 
 
7. Unit skid shall be capable of supporting the operational weight of the unit and 

dispersing the load to less than 120 lb./sq. ft. 
 
8. The tubes and all tube side materials shall be 316 stainless steel. 

 
D. Tightening Bolts: 

 
1. Tightening bolts shall be zinc plated carbon steel SA193B7 or 316 stainless steel.  

Materials in contact shall not create galvanic corrosion (material shall be galvanically 
compatible). 

 
2. The tightening bolt assemblies shall include captive working nuts at the pressure 

plate, rear head, such that the unit can be opened and closed with one wrench. 
 

E. Shell and Tubes: 
 

1. The shell and tubes shall be of sufficient thickness to meet the ASME design 
pressure. Stiffeners or support brackets are not allowed. 
 

2. Shell shall be carbon steel SA193B7. 
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3. Tubes and all tube side materials shall be 316 Stainless Steel.  
 
4. Tubes shall be fully supported throughout the shell and removable. 
 
5. Tube bundle shall be permanently marked to indicate tube material and thickness. 

 
F. Gaskets: 

 
1. All gaskets shall be identical, gasket material shall be capable of withstanding 

chlorides/chlorine content from the tube side water. 
 
2. The gaskets shall be a one-piece construction with a double gasket barrier at the 

port region. The area, isolated by the double gasket, shall be vented to the 
atmosphere, so that a gasket failure is detected by leakage to the exterior prior to 
any possible cross contamination. 

 
3. Gasket attachment methods, which break during gasket removal or heat exchanger 

maintenance, thus destroying the gasket are not allowed. 
 

G. Relief Valves: 
 

1. Sentinel type relief valves shall be located on both, cold and hot side, inlet nozzles.  
Relief valves shall be in accordance with ASME code, section IX. 

 
 
PART 3 -- EXECUTION 
 
3.01 INSTALLATION 
 

A. The Design Builder shall install the heat exchangers in the location shown on the Contract 
Drawings.  Prior to installation of the heat exchangers, the Design Builder shall submit 
detailed shop drawings of the structural steel support to the Engineer for review. 

 
B. All heat exchangers shall be connected and placed in proper working order in accordance 

with the manufacturer's instruction and details. 
 
C. Equipment Pads: 

 
Install equipment on concrete pads at locations shown on the Contract Drawings.  Secure 
equipment to mounting surface with anchor bolts.  Provide anchor bolts meeting 
manufacturer’s recommendations and of sufficient size and number to secure equipment.   

 
D. Seismic Requirements 

 
Equipment shall be secured or anchored to withstand seismic forces anticipated in seismic 
zone, in accordance with the International Building Code/VA Construction Code 2012 
(Virginia). 

 
3.02 IDENTIFICATION 
 

A. Each unit of equipment shall be identified with the equipment item numbers given on the 
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Contract Drawings and in Division 1.  A corrosion resistant tag or nameplate, securely 
affixed in a conspicuous place on each unit shall give the equipment item number, 
manufacturer's name or trademark and such other information as the manufacturer may 
consider necessary, or as specified, to complete identification. 

 
3.03 TESTING 
 

A. All tests shall be performed in accordance with the requirements of the General Conditions 
and Division 1. 

 
B. Heat exchanger test shall be in accordance with ASME code for unfired pressure vessels. 
 
C. Field tests shall be performed in accordance with Division 1, and Testing, Balancing and 

Adjusting Section 15990. 
 
3.04 MANUFACTURER'S REPRESENTATIVE 
 

A. Installation and Start-Up 
 

The Design Builder shall provide the services of a qualified manufacturer's technical 
representative who shall adequately supervise the installation and testing of all equipment 
furnished under this Contract.  The services of the manufacturer's representative shall be 
provided for a period of not less than one (2) day as follows: 
 
1. At least one trip of up to one (1) day during installation of the equipment. 
 
2. One trip of up to one (1) day after acceptance of the equipment. 

 
Any additional time required to achieve successful installation and operation shall be at the 
expense of the Design Builder.  The manufacturer's representative shall sign in and out of 
the office of the Resident representative on each day he is at the project. 

 
B. Training 

 
1. The Design Builder shall provide training for site personnel. 
 
2. The Design Builder shall include in his request for manufacturer approval a 

certification that the manufacturer has been advised of the stringent requirements of 
Training, and that the costs associated with said training submittals and training 
have been included in the manufacturer's pricing. 

 
 
 

- END OF SECTION - 
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SECTION 15738  

WATER SOURCE HEAT PUMP & SYSTEMS 

PART 1 - GENERAL  

1.01 RELATED DOCUMENTS  

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 1 Specification Sections, apply to this Section.  

B. Specifications throughout all Divisions of the Project Manual are directly applicable to this 
Section, and this Section is directly applicable to them.   

1.02 SUMMARY  

A. The Design/Builder shall furnish all labor, equipment and material for the complete 
installation of the heat pump system as indicated on the Drawings and specified herein. 

B. Heating, Ventilating and Air Conditioning systems shall be furnished and installed to 
operate as a system.  The Design/Builder shall coordinate all requirements between 
manufacturers to insure unit responsibility and compatibility of the systems. 

C. Work Included Under Other Sections: 

1. 480V, 3-phase power wiring and conduit under Division 16, Electrical. 

1.03 SUBMITTALS 

A. The Design/Builder shall submit shop drawings on all equipment, accessories and 
appurtenances and all fabrication work or other mechanical and air conditioning work 
required, all in accordance with the requirements of Section 01 33 00, Submittal 
Procedures. 

B. Data to be submitted shall include but not be limited to: 

1. Catalog data consisting of specifications, illustrations and a parts schedule that 
identifies the materials to be used for the various parts and accessories. 

2. Electrical characteristics, wiring, diagrams, etc. 

3. Piping connection drawings. 

C. The Design/Builder shall submit operation and maintenance manual in accordance with 
the procedures and requirements set forth in the General Conditions and Division 1. 
Operation and Maintenance Manuals shall be submitted for all equipment.  

1. Include instructions for lubrication, filter replacement, motor replacement, spare 
parts lists and wiring diagrams. 

2. In addition to a full set of manuals with closeout documentation, each unit shall 
ship with its own manual in a watertight enclosure. 
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1.04 DELIVERY, STORAGE AND HANDLING 

A. Deliver, store, protect and handle products to the Project Site under the provisions of 
Division 1. 

B. Store in clean dry place and protect from weather and construction traffic. Handle carefully 
to avoid damage to components, enclosures and finish. 

C. Protect openings in casing and seal them with plastic wrap to keep out dirt and debris. 
Protect coils from entry of dirt and debris with pipe caps or plugs. 

1.05 EXTRA MATERIALS 

A. Provide one additional set of filters for each unit, packaged for storage.  Tag products to 
identify associated unit. 

1.06 SCHEDULES ON DRAWINGS 

A. In general, all capacities of equipment and motor and starter characteristics are shown in 
schedules on the Drawings. Reference shall be made to the schedules for such 
information.  The capacities shown are minimum capacities.  Variations in capacities of 
the scheduled equipment supplied under this Contract will be permitted only with the 
written direction of the Engineer. 

B. Motors sizes shown on the schedules are the minimum.  If a larger motor horsepower is 
required, it shall be so quoted and noted. 

1.07 INDUSTRY STANDARDS 

A. All equipment, materials and installations shall conform to the requirements of the most 
recent edition with latest revisions, supplements and amendments of the following, as 
applicable: 

1. Air Conditioning and Refrigeration Institute (ARI) 

2. Air Moving and Conditioning Association (AMCA) 

3. American Society of Heating, Refrigerating and Air Conditioning Engineers, Inc. 
(ASHRAE) 

4. National Electric Code (NEC) 

5. NFPA 90A   Air Conditioning and Ventilation Systems 2009 edition 

6. State and local codes, ordinances and statutes 

7. Underwriters Laboratories (UL) 

8. Others as designated in the specifications. 
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1.08 QUALITY ASSURANCE 

A. Manufacturer Qualifications: Company specializing in manufacturing the products 
specified in this Section with minimum five (5) years documented experience, who issues 
complete catalog data on total product.  

B. All material and equipment shall be the latest design, new, not deteriorated, and the first 
quality standard product of manufacturers regularly engaged in the production of such 
material and equipment. 

C. When two or more units of the same class of material or equipment are required, they 
shall be products of a single manufacturer. 

D. All work shall be performed in a neat and workmanlike manner by workers skilled in their 
respective trades, and all materials and equipment shall be installed as recommended by 
the manufacturers and in accordance with specified codes and standards. 

E. Touch up and/or repaint to match original factory finishes or specially applied corrosion 
resistant coatings for all finished or painted equipment and materials which are scratched 
or marred during shipment or installation. 

PART 2 - PRODUCTS 

2.01 AIR CONDITIONING UNITS 

A. Provide water source heat pump unit(s) manufactured by one of the following: 

1. Climate Master (Basis of Design). 

2. Carrier. 

3. Trane 

4. Or Approved Equal. 

B. Water source heat pump units shall be complete package - air handler combined with 
water cooled condensing unit. Controls shall be factory mounted and wired.  All units shall 
pass factory acceptance test and come with a detailed report card shipped with the unit. 

C. Units shall be capable of operating over extended temperature ranges, from 20 F to 120 
F.   

D. All equipment shall be rated and certified in accordance with AHRI/ISO 13256-1.  All 
equipment shall comply with UL-1995 standards for heating and cooling equipment. 

E. Unit shall be insulated.  Insulation shall be easily cleaned and shall not be exposed to the 
air stream.  Condenser section shall be physically and thermally isolated from air handling 
section. 

F. Unit shall meet NFPA 90A insulation requirements, UL-181 for air erosion and mold 
growth, fungal and bacterial resistance per ASTM-C1071 ASTM G21 and ASTM G22. 
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G. Units shall have duct collars and filter rails.  Include the optional 2” filter rack with MERV 
11 pleated filters. 

H. Units shall have safety features including: high/low refrigerant pressure switches, high/low 
water temperature sensor, air coil low temperature sensor, anti-short cycle, low/high 
voltage, condenser overflow protection.  These alarms and lockouts shall be able to be 
reset at the thermostat. 

I. Compressor shall have vibration isolation systems and be insulated from the air stream. 

J. Air dehumidification/reheat energy shall not use new energy, but instead use refrigeration 
process waste heat. 

K. Units shall be capable of communicating with a DDC system. 

L. Water source heat pump units shall be capable of running water through the local heat 
exchanger at all times, even when the compressor is not running or the heat pump active. 

2.02 HEAT EXCHANGER 

A. See Section 15710 

2.03 HYDRONIC PIPING 

A. See Section 15610 
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2.04 CONDENSATE DRAIN PIPE 

A. Poly (Vinyl Chloride) Pipe and Fittings: 

1. Pipe:  Condensate pipes and fittings shall be Schedule 40 PVC, ASTM D2665.  

2. Joints: Chemical weld with manufacturers recommended solvent. 

PART 3 - EXECUTION 

3.01 INSTALLATION 

A. All installation shall be in accordance with manufacturer’s published recommendations.  

B. Do not operate units for any purpose, temporary or permanent, until hydronic piping is 
clean and pumps are functional, ductwork is clean, filters are in place, bearings have been 
lubricated, and fan has been test run under observation of the Owner's representative(s). 

C. Provide the minimum access space for maintenance of filters, condensers, and coils as 
scheduled or shown on the Drawings. Arrange these components in a manner that allows 
for ease of replacement.  

3.02 CLEANING 

A. Clean dirt and marks and other debris from exterior of equipment. 

B.  Remove debris and waste material resulting from installation. 

3.03 WATER TREATMENT & MAINTENANCE  

A. Provide initial service check to insure appropriate balance of chemicals (25% Propylene 
Glycol w/ corrosion inhibitors and appropriate PH levels) and cleanliness.   

3.04 GUARANTEE 

A. See warranty section in specification 013300. 

-END OF SECTION- 
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SECTION 15865 
 

UNIT HEATERS  
 
 
 
PART 1 -- GENERAL 
 
1.01 SUMMARY 
 

A. The Design/Builder shall furnish and install all unit heaters, and accessories, as shown on 
the Drawings and in accordance with the Specifications. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 1 Specification Sections, apply to this Section. 
 

B. Section 15500 - Basic HVAC Requirements 
 
1.03 SUBMITTALS 
 

A. The Design/Builder shall submit shop drawings on all equipment, accessories and 
appurtenances and all fabrication work required for all equipment specified in this section in 
accordance with Section 01 33 00, Submittal Procedures.  Additional required information 
shall include: the approximate weight of the shipped materials.  Shop drawings shall also 
include complete installation, and adjustment instructions and recommendations. 

 
1.04 OPERATION AND MAINTENANCE MANUALS 
 

A. The Design/Builder shall submit complete operation and maintenance manuals in 
accordance with the procedures and requirements set forth in Section 01 33 00, Submittal 
Procedures. 

 
1.05 MANUFACTURERS 
  

A. The materials covered by these specifications are intended to be standard equipment of 
proven reliability and as manufactured by reputable manufacturers having experience in the 
production of such equipment.  The equipment furnished shall be designed, constructed, 
and installed in accordance with the best practices and methods and shall operate 
satisfactorily when installed as shown on the Contract Drawings and operated per 
manufacturer's recommendations. 

 
1.06 IDENTIFICATION 
 

A. Each electric space heating unit shall be identified with the identification number on the 
Drawings. A nameplate shall be securely affixed in a conspicuous place on each unit.   
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PART 2 -- PRODUCTS 
 
2.01 MANUFACTURER 
 

A. The equipment covered by this Specification is intended to be standard equipment of proven 
performance as manufactured by reputable firms regularly engaged in the manufacturing of 
electric space heating units, of types and sizes required, whose products have been in 
satisfactory use in similar service for not less than 3 years.  Equipment shall be designed, 
constructed and installed in accordance with the best practices of the trade, and shall 
operate satisfactorily when installed as shown on the Drawings. 

 
2.02 ELECTRIC UNIT HEATERS 

A. Product and Manufacturers:  Provide completely factory assembled and wired units as 
made by one of the following: 

1.  Qmark (Basis of Design) 

2. Chromalox, a Division of Emerson Electric Company 

3. Or Approved Equal. 

B. All necessary safety and temperature controls shall be included in a single package. 
Components and motor shall be factory-wired to a single terminal block for field wiring. 
Heater, fan motor and controls shall be connected to the same branch circuit. 

C. Unit shall be mountable in vertical or horizontal positions with adjustable louvers for air flow 
control. 

D. Options: 

1.  “Heater On” Pilot Light. 

2. Secondary manual reset/over temperature cutout. 

3. Three position selector switch (heat/standby/fan). 

4. Integral space thermostat 40° F to 110° F range, 125VA pilot duty. 

E. The unit heater shall be supplied with a separate pilot duty type thermostat unless otherwise 
indicated.  The control circuit shall operate on 120 VAC, single phase, 60 hertz derived from 
a control power transformer furnished and installed with the unit. 

 
F. All heaters shall be UL listed and meet the requirements of the National Electrical Code.   

Electrical components for unit heaters shall be listed and labeled by U.L. 

G. Unit heater cabinet shall be steel with baked on enamel or polyester finish. 

H. Elements shall by aluminum coated or aluminized paint coated. 

PART 3 -- EXECUTION 
 
3.01 MANUFACTURER’S FIELD SERVICES 
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A. Manufacturer’s field services shall be in accordance with Specification 01610, Materials and 
Equipment and as specified herein.  

 
B. Assist Design/Builder during installation to include observation, guidance, and instruction of 

the manufacturer’s recommended procedures for assembly, erection, insta llation and 
application. 

 
C. Inspect, check, and adjust equipment as required for equipment to function as guaranteed. 
 
D. At a minimum, the number of days indicated below shall be provided on an 8-hour-day on-

site basis and shall be in addition to travel time.  The number of days at the site shall be 
increased as necessary, without change to the proposal price or schedule, to accomplish the 
Work of this Section.  Minimum service durations by the manufacturer are as follows: 

 
 

Service Number of Trips Number of Days/Trip 

Start-up & Functional Testing 1 1 

Training 1 1 

 
E. Training shall be provided by the manufacturer in accordance with Section 01706.   
 
F. A written report covering the manufacturer’s representative's findings at each visit and at 

installation approval shall be submitted to the Engineer.  The report shall cover all 
inspections and shall outline in detail any deficiencies noted and all corrective measures 
taken or recommended. 

 
3.02 DELIVERY, STORAGE AND HANDLING 
 

A. The Design/Builder shall handle the unit(s) and components carefully to prevent damage, 
breaking, denting and scoring.  Design/Builder shall not install damaged units or 
components. 

 
B. The Design/Builder shall store the unit heaters and components in a clean dry place, which 

will adequately protect the units from weather, dirt, fumes, water, construction debris, and 
physical damage. 

 
C. The Design/Builder shall comply with the manufacturer's transporting and installation 

instructions for unloading units, and moving them to final location. 
 
3.03 INSTALLATION  
 

A. The Design/Builder shall install unit heaters as indicated on the Drawings, in accordance 
with the manufacturer's installation instructions, and shall verify that the manufacturer's 
nameplate data corresponds with the unit designation. 

 
B. The Design/Builder shall hang/support the units from substantial structural components of 

the building (e.g. walls, floors, columns, beams, etc.)  Units shall not be hung from piping.  
The Design/Builder shall mount unit heaters as high as possible to maintain the greatest 
headroom possible unless otherwise indicated.  The unit shall be supported with rod-type 
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hangers anchored to building structural components and shall be protected with a protective 
cover during the balance of construction. 

 
3.03 SIZING 
 Unit Heaters have been sized for Non-Continuous Exhaust Fan Operation with Motorized 

Dampers Closed.  Brief flushes are possible, but continuous runtime is not accounted for. 
 
3.04 ADJUSTING AND CLEANING 
 

A. After installation is completed, the Design/Builder shall clean all exposed unit surfaces, 
vacuum the heating coils and vacuum the inside of the cabinets. 

 
 

- END OF SECTION - 
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SECTION 15950 

HVAC AUTOMATIC TEMPERATURE CONTROLS 

PART 1 -- GENERAL  

1.01 SCOPE  

A. The Design Builder shall furnish and install all HVAC Automatic Temperature Control 
(ATC) systems and accessories, and in accordance with the Specifications. 

B. Air conditioning equipment and controls shall be furnished and installed to operate as a 
system.  The Design Builder shall coordinate all requirements between manufacturers to 
insure unit responsibility and compatibility of the equipment and controls. 

C. All labor, material, equipment and software not specifically referred to herein or on the 
plans, which are required to meet the functional intent of this specification, including the 
integration to existing applications and reporting, shall be provided without additional 
cost to the Owner. 

D. Automatic temperature control systems indicated on the Drawings and control devices 
such as thermostats, etc, indicated to be 24 volts shall be supplied, mounted and wired 
by the ATC manufacturer.  The ATC manufacturer shall size and provide low voltage 
transformers where required.  The Automatic Temperature Control (ATC) sub-Design 
Builder shall be responsible to furnish and install the control wiring to each control 
device. 

E. Wiring and Conduit:  120V, 1-phase wiring and conduit to Control Panels and motorized 
dampers shall be provided under Division 16, Electrical.  All 480V 3-phase wiring and 
conduit shall be provided under Division 16, Electrical.  Control wiring and conduit from 
Control Panels to field devices and equipment shall be provided by HVAC, Automatic 
Temperature Control Contractor.  Wiring and conduit shall meet all requirements of 
Division 16. 

F. The work includes a BMS for the Demonstration Building (ADM), water source heat 
pumps, heat exchanger, temperature sensors, local controllers, and the associated 
programming, graphics and commissioning.   

G. The ATC shall be capable of being expanded in future phases of upgrades on existing 
controls and equipment for total integration of the facility infrastructure HVAC systems. 
All user access to all system data over the existing HVAC network shall be available by 
a standard Web Browser over secured Internet/Intranet.  This shall include HVAC 
control, energy management, alarm monitoring, and all trending, report and maintenance 
management functions related to normal building operations. 

1.02 SUBMITTALS 

A. The Design Builder shall submit shop drawings on all equipment, accessories and 
appurtenances and all fabrication work or other mechanical and air conditioning work 
required, all in accordance with the requirements of Division 1.  

3241
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B. Submit documentation in the following phased delivery schedule: 

1. Control equipment hardware and software. 

2. System schematics, including: 

a. Sequence of operation. 

b. Point names. 

c. Point addresses. 

d. Point to point wiring. 

e. Interface wiring diagrams. 

f. Panel layouts. 

g. System riser diagrams. 

h. Logic Diagrams 

C. Upon completion of the work, provide a complete set of ‘as-built’ control drawings in 
AutoCAD 2014 or newer file format. 

D. The Design Builder shall submit operation and maintenance manual in accordance with 
the procedures and requirements set forth in the General Conditions and Division 1. 
Operation and Maintenance Manuals shall be submitted for all equipment as follows.  

1. Index sheet, listing contents in alphabetical order. 

2. Manufacturer's equipment parts list of all functional components of the system, 
disk of system schematics, including wiring diagrams. 

3. Description of sequence of operations. 

4. As-Built interconnection wiring diagrams. 

5. User’s documentation containing product, system architectural and programming 
information.  

6. Trunk cable schematic showing remote electronic panel locations, and all trunk 
data. 

7. List of connected data points, including panels to which they are connected and 
input device (ionization detector, sensors, etc.). 

8. Conduit routing diagrams. 

9. Copy of the warranty. 

10. Operating and maintenance cautions and instructions. 
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11. Recommended spare parts list. 

1.03 DELIVERY, STORAGE AND HANDLING 

A. Deliver, store, protect and handle products to the Project Site under the provisions of 
Division 1. 

B. Accept products on site in factory-fabricated protective containers, with factory-installed 
shipping skids and lifting lugs.  Inspect for damage. 

C. Store in clean dry place and protect from weather and construction traffic. Handle 
carefully to avoid damage to components, enclosures and finish. 

D. Protect openings in casing and seal them with plastic wrap to keep dirt and debris. 
Protect coils from entry of dirt and debris with pipe caps or plugs. 

E. Air Terminal Unit Actuator and Unitary Controllers: ATC supplier shall furnish actuators 
for all motorized dampers on VAV boxes requiring actuated dampers. Design Builder 
shall coordinate and arrange for actuators and DDC unitary controller to be shipped to 
air terminal unit factory for factory mounting. 

1.04 MANUFACTURER'S INSTRUCTIONS 

A. Installation of all equipment shall be in accordance with manufacturer's data. 

B. All changes from the installation procedures in manufacturers' data shall be submitted 
for approval in accordance with the requirements for shop drawings. 

C. Keep all manufacturers' data provided in a secure manner at the job site at all times.  
Catalog and index this data for convenient reference. 

D. Manufacturers' data shall be available for the information of the Owner, Engineer, and 
the use of other trades. 

E. Turn over all data to the Owner through the Owner's representative at completion of the 
Work and final testing. 

F. Submit all instruction books and manuals in accordance with Division 1. 

1.05 SOFTWARE LICENSE AGREEMENT 

A. The Owner shall sign a copy of the manufacturer's standard software and firmware 
licensing agreement as a condition of this contract.  Such license shall grant use of all 
programs and application software to Owner as defined by the manufacturer's license 
agreement including but not limited to: 

1. Graphic. 

2. Record Drawings. 

3. Database. 
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4. Application programming code. 

5. Documentation. 

1.06 CODE, PERMIT AND STANDARDS 

A. Resolve any code violation discovered in contract documents with the Engineer prior to 
award of the contract.  After award of the contract, make any correction or additions 
necessary for compliance with applicable codes at no additional cost to Owner.  

B. The Design Builder shall obtain and pay for all permits and shall comply with all laws and 
codes that apply to the Work. 

C. The Design Builder shall be responsible for all added expense due to his choice of 
equipment, materials or construction methods. 

D. All work and materials shall be in full accordance with the latest State rules and 
regulations or publications including those of the State Fire Marshall, the Tennessee 
Mechanical and Energy Codes, and all local codes.  Nothing in the Plans and/or 
Specifications shall be construed to permit work not conforming to the above codes, 
rules and regulations. 

E. Referenced Standards: 

1. Instrumentation, Systems, and Automation Society (ISA): 

a. S5.1, Instrumentation Symbols and Identification. 

b. S5.4, Standard Instrument Loop Diagrams. 

2. National Electrical Manufacturers Association (NEMA): 

a. 250, Enclosures for Electrical Equipment (1000 Volts Maximum). 

3. National Fire Protection Association (NFPA): 

a. 70, National Electrical Code (NEC). 

4. Underwriters Laboratories, Inc. (UL). 

1.07 QUALITY ASSURANCE 

A. Manufacturer Qualifications: Company specializing in manufacturing the products 
specified in this Section with minimum five (5) years documented experience, who 
issues complete catalog data on total product. Installer shall have an established 
relationship with Control System Manufacturer. 

B. All material and equipment shall be the latest design, new, not deteriorated, and the first 
quality standard product of manufacturers regularly engaged in the production of such 
material and equipment. 

C. When two or more units of the same class of material or equipment are required, they 
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shall be products of a single manufacturer. 

D. All work shall be performed in a neat and workmanlike manner by workers skilled in their 
respective trades, and all materials and equipment shall be installed as recommended 
by the manufacturers and in accordance with specified codes and standards. 

E. Touch up and/or repaint to match original finishes for factory finished or painted 
equipment and materials which are scratched or marred during shipment or installation. 

F. The Manufacturer of the TCS digital controllers shall provide documentation supporting 
compliance with ISO-9000:2000 (Model for Quality Assurance in Design/Development, 
Production, Installation and Servicing).  Product literature provided by the TCS digital 
controller manufacturer shall contain the ISO-9000:2000 Certification Mark from the 
applicable registrar. 

1.08 ACRONYMS USED IN THIS SPECIFCATION 

A. ATC – Automatic Temperature Control. 

B. BMS – Building Management System 

C. CC – Configurable Controllers. 

D. DDC – Direct Digital Control. 

E. DRF – Discrete Render Format. 

F. GUI – Graphical User Interface. 

G. IDC – Interoperable Digital Controller. 

H. LACS – Laboratory Airflow Control System 

I. LAN – Local Area Network. 

J. NAC – Network Area Controller. 

K. ODBC – Open Database Connectivity. 

L. PICS – Product Interoperability Compliance Statement.  

M. SQL – Structured Query Language. 

N. VAV – Variable Air Volume. 

O. WAB – Web Browser Interface. 

P. WAN – Wide Area Network. 

Q. XIF – Extended Image Format. 
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PART 2 -- PRODUCTS  

2.01 GENERAL 

A. Product and Manufacturers:  Provide control system by one of the following: 

1. Honeywell, Inc. 

2. Johnson Controls. 

3. MCC Powers Process Controls, Unit of Mark Control Corp. 

4. Siemens Controls 

5. Or Approved Equal. 

B. The ATC system shall be comprised of a network of interoperable, stand-alone digital 
controllers, a Network Area Controller (NAC), Web Browser Interface (WBI), network 
devices and other devices as specified herein.  

C. The installed system shall provide secure password access to all features, functions and 
data contained in the overall ATC. 

D. The Plans shall be taken as diagrammatic.  The Design Builder shall field check the 
existing site for detail dimensions and clearances for preparation of shop drawings.  
Design sizes of ducts and their locations are indicated, but not every offset, fitting, or 
structural obstruction is shown. 

E. Alignment of ducts may be varied where necessary to account for slight architectural 
changes or to avoid conflict with the Work of other trades without additional expense to 
the Owner. 

F. All supports required for the proper installation of the equipment, but not forming an 
integral part of the building structure, shall be provided, unless specifically noted 
otherwise.   

2.02 OPEN, INTEROPERABLE, INTEGRATED ARCHITECTURES 

A. The intent of this specification is to provide a peer-to-peer networked, stand-alone, 
distributed control system with the capability to integrate the LonWorks technology 
communication protocols in one open, interoperable system.  

B. All controllers supplied under this contract shall be true “peer-to-peer” communicating 
devices.   

C. The supplied system must incorporate the ability to access all data using Java enabled 
browsers without requiring proprietary operator interface and configuration programs. An 
Open Database Connectivity (ODBC) or Structured Query Language (SQL) compliant 
database is required for all system database parameter storage. Systems requiring the 
owner to purchase a separate copy of proprietary database and user interface programs 
shall not be acceptable. 
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2.03 CONTROL PANELS 

A. Control panel fabrication including wiring, relays, transformers, thermostats, sensors, 
controllers, switches, lights and alarms shall be supplied, wired, and tested. Provide AC 
power supply circuit breaker in control panel, Function Devices Model Series PSH, or 
equal. Push-to-test pilot devices and switches shall be IDEC TWTD Series. Flow and 
differential pressure switches shall be United Controls 100 Series Type H100K, or equal. 

B. Enclosures 

1. Enclosures shall be NEMA 4X Type 316L stainless steel construction with a 
minimum thickness of 12 gauge for all surfaces (except those areas requiring 
reinforcement) having a smooth brushed finish.  Unless otherwise indicated on 
Plans. 

2. Wall mounted panels shall be furnished with stainless steel quick-release clamp 
assemblies on three sides of each door.  Floor mounted panels shall be 
furnished with stainless steel, 3-point, lockable door latch with stainless steel 
handles. 

3. A lockable hasp shall be provided for all panels that have quick-release clamps 
assemblies. 

4. Panels shall be furnished with rolled lip around three sides of the door and along 
top of enclosure opening. 

C. Wiring 

1. The ATC Design Builder shall terminate all wiring for sensors, equipment, and 
panels for the HVAC equipment furnished under this Contract. 

D. Relays 

1. The Design Builder shall provide mechanically held, socket type, oil tight, heavy-
duty type contactors (relays) for DIN rail mounting.  Miniature relays are not 
acceptable.  Relays shall be rated as required by the design with a minimum 
contact rating of 10A.  The relay shall be provided with the number of poles 
required by the design and one spare Type C dry contact. 

2. Timing relays and relays shall be Allen Bradley, Series 700 or approved equal. 

E. Indicating Lights 

1. All indicating lights shall be transformer type with replaceable high intensity LED 
type lamp.  All indicating lights shall be rated NEMA 4X.  All indicating lights used 
on the project shall be from one manufacturer and shall be of the same line. 

2. Devices shall be of the 30.5 mm type rated for extra heavy duty service. 

3. Indicating light shall have a push to test function.  The push to test feature shall 
not interact with any other circuitry and shall not rely on PLC or DDC operation to 
function. 
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4. Lens color shall be as indicated on the Contract Drawings. 

5. Indicating lights shall be Allen Bradley, Series 800H or approved equal 

F. Switches and Buttons 

1. Switches and push-button type operators shall be rated NEMA 4X.  All operators 
used on the project shall be from one manufacturer and shall be the same line. 

2. Devices shall be of the 30.5 mm type rated for extra heavy duty service. 

3. Selector switches shall have gloved hand operating handles. 

4. Pushbuttons shall be of the guarded type except those being used for emergency 
stop control. 

5. Emergency stop pushbuttons shall be Push-Pull mushroom-type with maintained 
contacts 

2.04 FIELD DEVICES 

A. Provide automatic control valves, automatic control dampers, thermostats, clocks, 
sensors, controllers, and other components as required for complete installation.  Except 
as otherwise indicated, provide manufacturer’s standard control system components as 
indicated by published product information, designed and constructed as recommended 
by manufacturer.   

B. Electronic Actuators: Direct-coupled type designed for minimum 60,000 full-stroke cycles 
at rated torque. 

1. Dampers: Size for running torque calculated as follows: 

a. Opposed-Blade Damper with Edge Seals: 5 inch-lb/sq. ft. of damper. 

b. Dampers with 2- to 3-Inch wg of Pressure Drop or Face Velocities of 1000 
to 2500 fpm: Increase running torque by 1.5. 

c. Coupling: V-bolt and V-shaped, toothed cradle. 

d. Overload Protection: Electronic overload or digital rotation-sensing 
circuitry. 

e. Fail-Safe Operation: Mechanical, spring-return mechanism. Provide 
external, manual gear release on non-spring-return actuators. 

f. Power Requirements (Two-Position Spring Return): 24 -Vac. 

g. Power Requirements (Modulating): Maximum 10 VA at 24-V ac or 8 W at 
24-Vdc. 

h. Proportional Signal: 2- to 10-V dc or 4 to 20 mA, and 2- to 10-V dc 
position feedback signal. 
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i. Temperature Rating: Minus 22 to plus 122 deg F. 

j. Temperature Rating (Smoke Dampers): Minus 22° to plus 250° F. 

k. Provide verify open contacts for dampers as indicated on Plans and 
Contract Documents. 

C. Temperature Switches:  

1. Temperature Switches: Temperature switches shall be linear precision elements 
with ranges appropriate for each specific application.  

2. This section governs temperature switches that control ventilation fan operation.  
Temperature sensors for electric duct heaters, electric unit heaters, or internal 
equipment sensors shall be provided per the respective specification sections 
and schedules for the equipment.   

3. Provide a temperature switches as indicated on Plans.  

4. 4. Unclassified Spaces 

a. Temperature switches shall be an adjustable Dual Setpoint Fixed 
Deadband type. 

b. The temperature switch shall have a range of at least 0 – 100 degrees 
Fahrenheit for interior applications. 

c. Temperature switch shall have a NEMA 4X rating on its enclosure. 

d. The temperature switch shall be Ashcroft G or L series temperature 
switches (application dependent) or approved equal. 

D. Temperature sensors 

a. Temperature sensors shall be a temperature transmitter of the Pt100 
sensor type. 

b. The temperature transmitter range shall be set from 0 degrees to 110 
degrees for space temperatures, supply air temperatures, and return air 
temperatures.  Outside air temperature sensors shall be set from -20 
degrees to 110 degrees. 

c. The transmitter shall be capable of transmitting an analog 4-20 mA signal. 

d. Transmitter shall have an enclosure with a NEMA rating of 4X. 

e. The instrument shall be loop powered. 

f. Temperature transmitters for unclassified areas shall be Omega – EWSE-
PT100-TX or approved equal. 
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E. Flow Sensor/Switch 

1. Provide flow sensor/switches of the thermal dispersion type. 

2. The sensor/switch enclosure shall be constructed of 316 stainless steel and rated 
NEMA 4X.  All parts exposed to the air stream shall be 316 stainless steel. 

3. Probe length shall be coordinated with location.  The Design Builder shall locate 
the sensor/switch as follows unless specifically prohibited by the sensor 
manufacturer’s installation instructions: 

a. The sensor shall be located away from the edges of the duct as close to 
the middle as is practical while still maintaining access.  The sensor shall 
extend between 1/3 and ½ of the way into the duct. 

b. Locate sensors in the duct work of the exhaust and supply air for all 
chemical rooms.  These shall report to local control panels for flow 
monitoring. 

4. Where the Contract Drawings indicate that a discrete output be generated by the 
device, contacts of sufficient quantity and rating shall be provided on the device 
and the device shall be programmed to alarm at the desired set point. 

5. The instrument power shall be separate from all signal wires and shall be 
powered by the respective HVAC control panel that the sensor serves.  The 
Design Builder shall coordinate the sensor voltage with the panel fabricator.   

6. Flow sensors for unclassified spaces shall be Fluid Components International 
model ST50 or approved equal.  Flow switches for unclassified spaces shall be 
Fluid Components International model FLT2000 or approved equal 

 

F. Room Thermostats 

1. Provide manufacturer mating room combination humidistat & thermostat with 
locking covers, and with concealed or readily-accessible adjustment devices and 
dead band, as indicated. 

G. Line Voltage ON-OFF Thermostats 

1. Provide thermostats of bi-metal actuated open contact, or bellows actuated 
enclosed snap-switch type, or equivalent solid-state type; UL-listed at electrical 
rating comparable with application.  Provide Single Pole design. Ratings: 25 
amps @ 240 volts - 22 amps @ 277 volts. Pilot Duty rated at 125 VA. Thermostat 
Range: 40°-100°F.  Equip thermostats which control electric heating loads 
directly, with Off position on dial wired to break ungrounded conductors.  All line 
voltage thermostats shall be NEMA 4x rated for corrosive environments, 
manufactured by PECO, Qmark, or equivalent. 
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H. CO2 Sensor 

1. Wall mounted CO2 sensor.  Shall be capable of communicating to DDC and/or 
sending a discrete signal to a motorized volume damper to open or close.   

2. Shall be self-calibrating, stable, and accurate over a range of 0-2000 PPM.  
Sensor shall be set to 550 ppm (adjustable).   

I. Local Malfunction Alarms: 

J. Visual Warning Light: Federal Signal Corporation Model 225X Series located at 
entrances and exits of rooms. 

K. Audible Warning Tone: Federal Signal Corporation Model 300GCX Series located at 
entrances and exits of rooms. 

L. Temperature Sensors and Transmitter: 

M. Duct Temperature Averaging Type Sensor: 

1. Provide NEMA 4X connection head, Model CH343 by Minco Products, Inc., or 
equal. 

2. Probe case shall be 304 stainless steel. 

3. Connection fitting shall be Minco, Products, Inc., Model FG141, or equal. 

4. Minco Products, Model S14528PE, or Approved Equal. 

N. Space Temperature Sensor:  

1. NEMA 4X, room air type sensor, Model S100147PD by Minco Products, Inc., or 
Approved Equal. 

2. Temperature Transmitter: 

3. Minco Products, Inc., Model TT11, or Approved Equal. 

O. Freeze-stats 

1. Freezestats shall be complete with SPDT snap acting switch, manual reset lever, 
1/8 inch O.D. x 20' inches long Capillary tube and Capillary mounting clips.  The 
freezestats shall have a range between 30°F and 60°F.  Freezestat shall respond 
to lowest temperature sensed by any one foot potion of Capillary.  Where 
required for adequate protection, multiple freezestats shall be located down 
stream of the heating coil.  The freezestats shall de-energize the heating and 
ventilating units if air colder than 33°F is sensed.  All fans which are interlocked 
with the units shall stop, the units outside air dampers shall close, and a general 
alarm condition signal shall be provided.  A time delay relay shall be provided to 
prevent the freezestat from shutting the system down on start-up. 
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P. Differential Pressure Switch 

1. Adjustable range: 0.08 IWC – 5 IWC.  Temperature Limits: 0 F-120 F. 

2. Provide NEMA 4X body for applications near outside walls, or that may 
experience wet/high humidity conditions. 

3. DP switch shall be compatible with a DDC system. 

2.05 LABORATORY AIRFLOW SYSTEM (LAS) 

A. Product and Manufacturers:  Provide completely factory assembled Water  Source 
Dedicated Outside Air System: 

1. Basis of Design: Climatemaster. 

2. Or Approved Equal. 

B. System Function:   

1. The laboratory zone (room 111) shall have a dedicated airflow control system. 

2. The airflow control system shall maintain a specific constant airflow of 100% 
Outside Air. 

3. The airflow control system shall maintain negative room pressurization through 
continuous exhaust greater than the continuous supply air. 

4. The airflow control system shall maintain specific airflow (±5% of set point). 

C. System Components:   

1. Water cooled Dedicated Outside Air System. 

a. Shall be capable of maintaining 75 F and 50% RH cooling and 72 F 
heating conditions (adjustable) for design conditions.  Shall have reheat 
system that complies with ASHRAE 90.1. 

b. Shall provide 100% Outside Air without enthalpy wheel or mixing box.  All 
exhaust air is hazardous and shall not communicate with supply air. 

2. Duct Heater 

a. Shall be capable of preheating the incoming O.A. to at least 18 F. 

b. Controls are outlined in Spec 15598 and Plan Schedules. 

3. Exhaust systems 

a. Rooftop lab exhaust fan capable of creating an exhaust plume of a 
sufficient height as to dissipate hazardous exhaust. 
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b. Lab hood shall be run continuously at full flow and manifolded with other 
lab exhausts. 

2.06 CONFIGURABLE CONTROLLERS (CC) 

A. Each Configurable Controller (CC) shall operate as a stand-alone LonMark® compliant 
controller capable of performing its specified control responsibilities independent of other 
controllers in the network.  Each CC shall be a minimum 16-BIT microprocessor based, 
multi-tasking, multi-user, real time digital control processor. 

B. Each CC’s application must comply with the following LONMARK® interoperability 
profile guidelines: Variable Air Volume (VAV) boxes - Profile 8502. Provide integral 
shaft-mount of one-piece VAV actuator for factory mounting by VAV box manufacturer. 

C. Flash memory reloads or updating of an existing control algorithm shall be completed 
over the network. 

D. Network access shall be accomplished at the CC room sensor or the CC.  Where 
applicable, system wide node access shall be available from connecting to the room 
sensor jack. Systems that do not have a system access jack from the room sensor shall 
provide a dedicated network jack next to each room sensor. 

E. Controllers shall include all inputs and outputs necessary to perform the specified control 
sequences. Analog and digital outputs shall be industry standard signals such as 0-10V 
and 3-point floating control allowing for interface to a variety of industry standard 
modulating actuators.  The CC inputs shall consist of industry standards types such as 
10K thermistor, 0-10V, 4-20mA and DI.  Inputs shall be electrically isolated from outputs, 
communications and power.  All inputs shall be provided with an auto-calibrate function 
to eliminate sensing errors.   

F. All controller sequences of operation shall provide closed loop control of the intended 
application.  Closing control loops over the network is not acceptable. 

G. The CC must be mounted remotely from the room sensor. CC’s, that are wall mounted 
with integral room sensors, are not acceptable. 

H. The control program shall reside in the CC.  The application program   configuration 
information shall be stored in non-volatile memory with no battery back up.   

I. After a power failure the CC must run the control application using the current setpoints 
and configuration.  Reverting to default or factory setpoints are not acceptable. 

J. The CC design must support pre-wiring of the hardware components where the 
electronics are not exposed to the harsh construction phase environment.   

K. Programmable Communicating Thermostat (PCT). Must be available with and without 
scheduling capability with a menu-driven, back-lit LCD display. The PCT must have the 
ability to perform configuration directly at the thermostat, through the usage of a 
concealed button or via the network. Must contain two digital inputs, and, depending on 
the model, up to three remote sensor inputs must be available. All models with scheduler 
must contain a SPST auxiliary switch, which can be used to control lighting or disable 
the economizer function. The PCT must be capable of communicating via either native 
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LonTalk or native BACnet. 

2.07 GRAPHICAL USER INTERFACE SOFTWARE 

A. Operating System: The GUI shall run on Microsoft Windows XP Professional. 

B. The GUI shall employ browser-like functionality for ease of navigation. It shall include a 
tree view (similar to Windows Explorer) for quick viewing of, and access to, the 
hierarchical structure of the database. In addition, menu-pull downs, and toolbars shall 
employ buttons, commands and navigation to permit the operator to perform tasks with a 
minimum knowledge of the HVAC Control System and basic computing skills. These 
shall include, but are not limited to, forward/backward buttons, home button, and a 
context sensitive locator line (similar to a URL line), that displays the location and the 
selected object identification. 

C. Real-Time Displays. The GUI, shall at a minimum, support the following graphical 
features and functions: 

1. Graphic screens shall be developed using any drawing package capable of 
generating a GIF, BMP, or JPG file format. Use of proprietary graphic file formats 
shall not be acceptable. In addition to, or in lieu of a graphic background, the GUI 
shall support the use of scanned pictures. 

2. Graphic screens shall have the capability to contain objects for text, real-time 
values, animation, color spectrum objects, logs, graphs, HTML or XML document 
links, schedule objects, hyperlinks to other URL’s, and links to other graphic 
screens. 

3. Graphics shall support layering and each graphic object shall be configurable for 
assignment to a layer. A minimum of six layers shall be supported. 

4. Modifying common application objects, such as schedules, calendars, and set 
points shall be accomplished in a graphical manner. 

a. Schedule times will be adjusted using a graphical slider, without requiring 
any keyboard entry from the operator. 

b. Holidays shall be set by using a graphical calendar without requiring any 
keyboard entry from the operator. 

5. Commands to start and stop binary objects shall be done by right-clicking the 
selected object and selecting the appropriate command from the pop-up menu. 
No entry of text shall be required. 

6. Adjustments to analog objects, such as set points, shall be done by right-clicking 
the selected object and using a graphical slider to adjust the value. No entry of 
text shall be required. 

D. System Configuration. At a minimum, the GUI shall permit the operator to perform the 
following tasks, with proper password access: 

1. Create, delete, or modify control strategies. 
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2. Add/delete objects to the system. 

3. Tune control loops through the adjustment of control loop parameters. 

4. Enable or disable control strategies. 

5. Generate hard copy records or control strategies on a printer. 

6. Select points to be alarmable and define the alarm state. 

7. Select points to be trended over a period of time and initiate the recording of 
values automatically. 

E. On-Line Help. Provide a context sensitive, on-line help system to assist the operator in 
operation and editing of the system. On-line help shall be available for all applications 
and shall provide the relevant data for that particular screen. Additional help information 
shall be available through the use of hypertext. All system documentation and help files 
shall be in HTML format. 

F. Security. Each operator shall be required to log on to that system with a user name and 
password in order to view, edit, add, or delete data. System security shall be selectable 
for each operator. The system administrator shall have the ability to set passwords and 
security levels for all other operators. Each operator password shall be able to restrict 
the operators’ access for viewing and/or changing each system application, full screen 
editor, and object. Each operator shall automatically be logged off of the system if no 
keyboard or mouse activity is detected. This auto log-off time shall be set per operator 
password. All system security data shall be stored in an encrypted format. 

G. System Diagnostics. The system shall automatically monitor the operation of all 
workstations, printers, modems, network connections, building management panels, and 
controllers. The failure of any device shall be annunciated to the operator. 

H. Alarm Console: 

1. The system will be provided with a dedicated alarm window or console. This 
window will notify the operator of an alarm condition, and allow the operator to 
view details of the alarm and acknowledge the alarm.  The use of the Alarm 
Console can be enabled or disabled by the system administrator. 

2. When the Alarm Console is enabled, a separate alarm notification window will 
supersede all other windows on the desktop and shall not be capable of being 
minimized or closed by the operator. This window will notify the operator of new 
alarms and un-acknowledged alarms. Alarm notification windows or banners that 
can be minimized or closed by the operator shall not be acceptable. 

2.08 WEB BROWSER CLIENTS 

A. The system shall be capable of supporting an unlimited number of clients using a 
standard Web browser such as Internet Explorer™, Mozilla FireFox™ or Netscape 
Navigator™. Systems requiring additional software (to enable a standard Web browser) 
to be resident on the client machine, or manufacture-specific browsers shall not be 
acceptable. 
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B. The Web browser software shall run on any operating system and system configuration 
that is supported by the Web browser. Systems that require specific machine 
requirements in terms of processor speed, memory, etc., in order to allow the Web 
browser to function with the TCS, shall not be acceptable. 

C. The Web browser shall provide the same view of the system, in terms of graphics, 
schedules, calendars, logs, etc., and provide the same interface methodology as is 
provided by the Graphical User Interface. Systems that require different views or that 
require different means of interacting with objects such as schedules, or logs, shall not 
be permitted. 

D. The Web browser client shall support at a minimum, the following functions: 

1. User log-on identification and password shall be required. If an unauthorized user 
attempts access, a blank web page shall be displayed. Security using Java 
authentication and encryption techniques to prevent unauthorized access shall 
be implemented.    

2. Graphical screens developed for the GUI shall be the same screens used for the 
Web browser client. Any animated graphical objects supported by the GUI shall 
be supported by the Web browser interface. 

3. HTML programming shall not be required to display system graphics or data on a 
Web page. HTML editing of the Web page shall be allowed if the user desires a 
specific look or format. 

4. Storage of the graphical screens shall be in the Network Area Controller (NAC), 
without requiring any graphics to be stored on the client machine.  Systems that 
require graphics storage on each client are not acceptable. 

5. Real-time values displayed on a Web page shall update automatically without 
requiring a manual “refresh” of the Web page. 

6. Users shall have administrator-defined access privileges. Depending on the 
access privileges assigned, the user shall be able to perform the following: 

a. Modify common application objects, such as schedules, calendars, and 
set points in a graphical manner. 

1) Schedule times will be adjusted using a graphical slider, without 
requiring any keyboard entry from the operator. 

2) Holidays shall be set by using a graphical calendar, without 
requiring any keyboard entry from the operator. 

b. Commands to start and stop binary objects shall be done by right-clicking 
the selected object and selecting the appropriate command from the pop-
up menu. No entry of text shall be required. 

c. View logs and charts 

d. View and acknowledge alarms 
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e. Setup and execute SQL queries on log and archive information 

7. The system shall provide the capability to specify a user’s (as determined by the 
log-on user identification) home page. Provide the ability to limit a specific user to 
just their defined home page. From the home page, links to other views, or pages 
in the system shall be possible, if allowed by the system administrator. 

E. Graphic screens on the Web Browser client shall support hypertext links to other 
locations on the Internet or on Intranet sites, by specifying the Uniform Resource Locator 
(URL) for the desired link. 

2.09 SYSTEM PROGRAMMING 

A. The Graphical User Interface software (GUI) shall provide the ability to perform system 
programming and graphic display engineering as part of a complete software package. 
Access to the programming functions and features of the GUI shall be through password 
access as assigned by the system administrator.   

B. A library of control, application, and graphic objects shall be provided to enable the 
creation of all applications and user interface screens. Applications are to be created by 
selecting the desired control objects from the library, dragging or pasting them on the 
screen, and linking them together using a built in graphical connection tool. Completed 
applications may be stored in the library for future use. Graphical User Interface screens 
shall be created in the same fashion. Data for the user displays is obtained by 
graphically linking the user display objects to the application objects to provide “real-
time” data update. Any real-time data value or object property may be connected to 
display its current value on a user display. Systems requiring separate software tools or 
processes to create applications and user interface displays shall not be acceptable. 

C. Programming Methods: 

1. Provide the capability to copy objects from the supplied libraries, or from a user-
defined library to the user’s application. Objects shall be linked by a graphical 
linking scheme by dragging a link from one object to another. Object links will 
support one-to-one, many-to-one, or one-to-many relationships. Linked objects 
shall maintain their connections to other objects regardless of where they are 
positioned on the page, and shall show link identification for links to objects on 
other pages for easy identification. Links will vary in color depending on the type 
of link; i.e., internal, external, hardware, etc. 

2. Configuration of each object will be done through the object’s property sheet 
using fill-in the blank fields, list boxes, and selection buttons. Use of custom 
programming, scripting language, or a manufacturer-specific procedural 
language for configuration will not be accepted. 

3. The software shall provide the ability to view the logic in a monitor mode. When 
on-line, the monitor mode shall provide the ability to view the logic in real time for 
easy diagnosis of the logic execution. When off-line (debug), the monitor mode 
shall allow the user to set values to inputs and monitor the logic for diagnosing 
execution before it is applied to the system. 
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4. All programming shall be done in real-time. Systems requiring the uploading, 
editing, and downloading of database objects shall not be allowed. 

5. The system shall support object duplication within a customer’s database. An 
application, once configured, can be copied and pasted for easy re-use and 
duplication.  All links, other than to the hardware, shall be maintained during 
duplication. 

2.10 CONTROL WIRE 

A. Communication wiring shall be plenum rated three conductor cable, twisted, 100% 
shielded, 18-gauge wire with no splices. The wire shall be “RED (+), Black (-) and 
WHITE (Gnd)”.  

2.11 SEQUENCE OF OPERATIONS 

A. Ventilation for Temperature Control 

1. Spaces with only exhaust fans and make-up air louvers shall be controlled by line 
voltage ON-OFF wall thermostats.  The exhaust fans shall come on at 85 F 
(adjustable) and above.  Louvers shall have motorized dampers set to open at 60 
F (adjustable). 

2. Heating shall be provided by unit heaters with integral thermostats set to 60 F 
(adjustable). 

B.  Air Handling Units (Typical Occupancies) 

1. Space thermostat/humidistat shall govern AHU operation to maintain space at 75 
F 50% RH in cooling/dehumidification mode, and 72 F heating mode 
(adjustable).   

1. Units shall be connected to DDC using  the MPC accessory for the AHU.  The 
control system shall monitor unit operation and activate an alarm within the DDC 
control panel in the event of the following factory preset alarm conditions: 

a. High Temperature. 

b. Low Temperature. 

c. High Humidity. 

d. High Head Pressure. 

e. Loss of Power. 

f. Compressor Short Cycle. 

2. Units shall have MERV 11 filters at the unit equipped with differential pressure 
sensors that report to the DDC controller. 

C. Electrical Room Cooling Systems: 

1. When the zone temperature rises above the cooling set point (68 degrees F, 



 
Sustainable Water Phase 3 –  HVAC Automatic Temperature Controls – REV 0 
Demonstration Facility 15950-19 IFC June 2017 

adjustable), or when the temperature falls below the heating set point (65 degrees F 
adjustable) the heat pump shall maintain the zone temperature to within ± 2°F.   The 
microelectronic control shall provide compressor anti-short cycle timing functions 
through minimum off and on timing to increase the reliability, performance and to 
maximize unit efficiency. 

2. The control system shall monitor unit operation and activate an alarm within the 
DDC control panel in the event of the following factory preset alarm conditions: 

a. High Temperature. 

b. Low Temperature. 

c. High Humidity. 

d. High Head Pressure. 

e. Loss of Power. 

f. Compressor Short Cycle. 

 

3. Provide common connection to the DDC for alarms and system control.  Include 
differential pressure switch (Dirty Filter Alarm) signal to DDC. 

D. Laboratory Airflow Control System  

1. Space Temperature/Humidity Control: 

a. The airflow control system shall regulate the space temperature and 
humidity through a simultaneous combination of: control of reheat coils 
and/or staged or simultaneous auxiliary temperature control devices. The 
controller shall calculate separate cooling and heating set points based 
on a single writable set point from the DDC, with the option of a local set 
point offset adjustment. 

b. Temperature control shall be implemented through the use of 
independent primary cooling and heating control functions. Cooling and 
dehumidification shall be provided by cooling and reheat coils. Heating 
shall be provided through heat pump coils and a duct heater. 

2. Fume Hood Control 

c. Continuous maximum rated exhaust airflow. 

3. The airflow control system network shall interface digitally with the DDC via 
MODBUS. 

4. All room-level points shall be available to the DDC for monitoring or trending.   

5. Class 1 leakage rate motorized damper shall be interlocked to fan operation.  
Outside air shall pass through a filter bank before entering WSHP.  Filter bank 
shall have a differential pressure switch that reports to the DDC to alarm for dirty 
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filters.  Unit mounted filter shall have differential pressure switch that reports 
another dirty filter alarm to DDC. 

E. Multipurpose Room 

1. The system shall have a CO2 sensor tied to a motorized damper.  When the 
sensor detects levels of CO2 above 550 ppm (adjustable), the damper opens 
allowing fresh air to be mixed in with return air.  During heating seasons a duct 
heater shall temper the entering outside air to 50 F (adjustable) before it mixes 
with the return air. 

2. Space thermostat/humidistat shall govern AHU operation to maintain space at 75 
F 50% RH in cooling/dehumidification mode, and 72 F heating mode 
(adjustable).   

3. Units shall be connected to DDC using MODBUS communications and the MPC 
accessory for the AHU. 

4. Outside air shall pass through a filter bank before entering WSHP.  Filter bank 
shall have a differential pressure switch that reports to the DDC to alarm for dirty 
filters.  Unit mounted filter shall have differential pressure switch that reports 
another dirty filter alarm to DDC. 

F. Outside Air AHU 

1. A duct heater governed by a leaving air thermostat shall temper the air to 50 F 
(adjustable)minimum before it reaches the water source heat pump coils. 

2. The heat pump shall temper the air to 75 F (adjustable) before it is ducted into 
occupied spaces. 

3. Units shall be connected to DDC using MODBUS communications and the MPC 
accessory for the AHU. 

4. Class 1 leakage rate motorized damper shall be interlocked to fan operation.  
Outside air shall pass through a filter bank before entering WSHP.  Filter bank 
shall have a differential pressure switch that reports to the DDC to alarm for dirty 
filters.  Unit mounted filter shall have differential pressure switch that reports 
another dirty filter alarm to DDC. 

G. Ozone Room (106) 

1. Continuous ventilation shall be provided at a rate of 6 ACH minimum by a water 
source heat pump (WSHP) using 100% Outside Air that is tempered by a duct 
heater to 50 F (adjustable), in the winter.  The duct heater is controlled by leaving 
air temperature sensors.  The WSHP is controlled by space temperature and 
humidity sensors. 

2. Continuous exhaust shall be provided at a rate that will maintain a negative 
pressure in the space, as indicated on Plans 

3. Duct heater shall provide 50°F min tempered air.  The WSHP shall provide 
heating and cooling to maintain space temperatures between 88 F and 60 F 
(adjustable).  Mode of operation shall be determined by space thermostat. 
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H. Other Chemical Rooms (107-108) 

1. Continuous ventilation shall be provided at a rate of 1 CFM/sqft minimum by a 
water source heat pump (WSHP) using 100% Outside Air that is tempered by a 
duct heater to 50 F (adjustable) in the winter.  The duct heater is controlled by 
leaving air temperature sensors.  The WSHP is controlled by space temperature 
and humidity sensors. 

2. Continuous exhaust shall be provided at a rate that will maintain a negative 
pressure in the space. 

3. Duct heater shall provide 50 F (adjustable) min tempered air governed by a duct 
temperature sensor downstream.  The WSHP shall maintain the space between 
85 F cooling and 60 F heating (adjustable).  The heat pump’s operation shall be 
controlled by space temperature sensors. 

2.12 CONTROL PANELS CONSTRUCTION AND OPERATION 

A. H&V CP-1 and H&V CP-5 (OZONE ROOM, 106) 

1. This panel shall Control WSHP-6 and EF-10 

2. Panel Components: 

a. Hand-Off-Auto Switch controlling the system. 

b. Lights signaling Fan Running (Red) or Fan Ready (Green).  

c. An On/Off switch for manual control each piece of equipment. 

d. Alarm lights signaling system malfunction. 

e. Emergency stop mushroom type button that stops all heating, cooling, 
and fans. 

f. Slave GO/NO GO panel with signal lights. 

3. Sequence of Operation 

a. HAND MODE 

1) The ON/OFF switches for individual Fans and Heat Pumps govern 
the operation of the system.  When fan is turned on, motorized 
damper shall open. 

b. OFF MODE 

1) All fans and compressors are OFF and all motorized dampers are 
closed.   

c. AUTO MODE 
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1) The heat pump fan supplies air at a continuous rate while the 
exhaust fan removes air at a continuous rate.  Heating and cooling 
are controlled by a space thermostat/humidistat, and a duct 
mounted temperature sensor for the duct heater and WSHP.  All 
Dampers are interlocked to fan operation. 

d. Regardless of Mode 

1) If any alarm becomes energized then the general alarm shall also 
signal, and a discrete signal shall be sent to the SCADA system 
indicating the general alarm. 

2) Emergency Stop Buttons shall be covered with a clear plastic 
cover to prevent accidental activation.  When the mushroom type 
push button is activated, all equipment shall cease operation and 
deenergize.  General Alarm shall illuminate. 

3) Slave Panel (H&V CP-5) shall alarm NO GO if main panel (H&V 
CP-1) emergency shutdown button is activated, if a low airflow, or 
fire alarm is illuminated, or if the system is not operational. 

4) Low Airflow Alarms shall illuminate when a signal from the flow 
switch is received indicating 80% (adjustable) of the Scheduled 
CFM is moving through the respective ducts for the WSHP or the 
Exhaust Fan. 

5) Freezestat/Low Temperature Switch installed on the WSHP coil 
shall, when triggered, illuminate the Low Temp Alarm light and 
shut down the WSHP and Exhaust Fan.   

6) A classified space temperature switch shall illuminate the high 
temperature alarm when the temperature gets above 92 F 
(adjustable).  Initiated by a space temperature switch. 

7) A differential pressure switch shall signal the dirty filter alarm 
when the pressure difference exceeds a preset limit (adjustable). 

8) If a Sprinkler Initiation signal is received from the Fire Alarm 
Control Panel, all equipment shall shut-down and de-energize.  
The fire alarm signal shall illuminate. 

9) Motorized damper function shall be interlocked to fan operation. 

B. H&V CP-2 and H&V CP-6 (Sodium Hypochlorite/Hydroxide Room, 107) 

1. This panel shall Control WSHP-12 and EF-11 

2. Panel Components: 

a. Hand-Off-Auto Switch controlling the system. 

b. Lights signaling Fan Running (Red) or Fan Ready (Green).  

c. An On/Off switch for manual control each piece of equipment. 
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d. Alarm lights signaling system malfunction. 

e. Emergency stop mushroom type button that stops all heating, cooling, 
and fans. 

f. Slave GO/NO GO panel with signal lights. 

3. Sequence of Operation 

a. HAND MODE 

1) The ON/OFF switches for individual Fans and Heat Pumps govern 
the operation of the system. 

b. OFF MODE 

1) All fans and compressors are OFF and dampers are closed.   

c. AUTO MODE 

1) The heat pump fan supplies air at a continuous rate while the 
exhaust fan removes air at a continuous rate.  Heating and cooling 
are controlled by space thermostat/humidistat, and duct mounted 
temperature sensor for the duct heater and WSHP.  Motorized 
dampers are interlocked to fan operation. 

d. Regardless of Mode 

1) If any alarm becomes energized then the general alarm shall also 
signal, and a discrete signal shall be sent to the SCADA system 
indicating the general alarm. 

2) Emergency Stop Buttons shall be covered with a clear plastic 
cover to prevent accidental activation.  When the mushroom type 
push button is activated, all equipment shall cease operation and 
deenergize.  General Alarm shall illuminate. 

3) Slave Panel (H&V CP-6) shall alarm NO GO if main panel (H&V 
CP-2) emergency shutdown button is activated, if a low airflow or 
fire alarm is illuminated, or if the system is not operational. 

4) Low Airflow Alarms shall illuminate when a signal from the flow 
switch is received indicating 80% (adjustable) of the Scheduled 
CFM is moving through the respective ducts for the WSHP or the 
Exhaust Fan. 

5) Freezestat/Low Temperature Switch installed on the WSHP coil 
shall, when triggered, illuminate the Low Temp Alarm light and 
shut down the WSHP and Exhaust Fan.   

6) A classified space temperature switch shall illuminate the high 
temperature alarm when the temperature gets above 90 F 
(adjustable).  Indicated by temperature switch in the space. 



 
Sustainable Water Phase 3 –  HVAC Automatic Temperature Controls – REV 0 
Demonstration Facility 15950-24 IFC June 2017 

7) A differential pressure switch shall signal the dirty filter alarm 
when the pressure difference exceeds a preset limit (adjustable). 

8) If a Sprinkler initiation signal is received from the Fire Alarm 
Control Panel, all equipment shall shut-down and de-energize.  
The fire alarm signal shall illuminate. 

9) Motorized damper function shall be interlocked to fan operation. 

C. H&V CP-3 and H&V CP-7 (Polymer & etc, 108) 

1. This panel shall Control WSHP-13 and EF-12 

2. Panel Components: 

a. Hand-Off-Auto Switch controlling the system. 

b. Lights signaling Fan Running (Red) or Fan Ready (Green).  

c. An On/Off switch for manual control each piece of equipment. 

d. Alarm lights signaling system malfunction. 

e. Emergency stop mushroom type button that stops all heating, cooling, 
and fans. 

f. Slave GO/NO GO panel with alarm lights. 

3. Sequence of Operation 

a. HAND MODE 

1) The ON/OFF switches for individual Fans and Heat Pumps govern 
the operation of the system. 

b. OFF MODE 

1) All fans and compressors are OFF and all dampers closed.   

c. AUTO MODE 

1) The heat pump fan supplies air at a continuous rate while the 
exhaust fan removes air at a continuous rate.  Heating and cooling 
are controlled by space thermostat/humidistat, and a temperature 
sensor for the duct heater and WSHP.  Motorized damper 
operation interlocked to fan operation. 

d. Regardless of Mode 

1) If any alarm becomes energized then the general alarm shall also 
signal, and a discrete signal shall be sent to the SCADA system 
indicating the general alarm. 
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2) Emergency Stop Buttons shall be covered with a clear plastic 
cover to prevent accidental activation.  When the mushroom type 
push button is activated, all equipment shall cease operation and 
deenergize.  General Alarm shall illuminate. 

3) Slave Panel (H&V CP-5) shall alarm NO GO if main panel (H&V 
CP-1) emergency shutdown button is activated, if a low airflow or 
fire alarm is illuminated, or if the system is not operational. 

4) Low Airflow Alarms shall illuminate when a signal from the flow 
switch is received indicating 80% (adjustable) of the Scheduled 
CFM is moving through the respective ducts for the WSHP or the 
Exhaust Fan. 

5) Freezestat/Low Temperature Switch installed on the WSHP coil 
shall, when triggered, illuminate the Low Temp Alarm light and 
shut down the WSHP and Exhaust Fan.   

6) A classified space temperature switch shall illuminate the high 
temperature alarm when the temperature gets above 90 F 
(adjustable).  Initiated by a space temperature switch. 

7) A differential pressure switch shall signal the dirty filter alarm 
when the pressure difference exceeds a preset limit (adjustable). 

8) If a Sprinkler initiation signal is received from the Fire Alarm 
Control Panel, all equipment shall shut-down and de-energize.  
The fire alarm signal shall illuminate. 

9) Interlock motorized dampers with fan operation. 

D. H&V CP-4 (Process Area, 105) 

1. This panel shall Control SF-1, EF-7, EF-8, EF-9 

2. Panel Components: 

a. Hand-Off-Auto Switch controlling the system. 

b. Lights signaling Fan Running (Red) or Fan Ready (Green).  

c. An On/Off switch for manual control each piece of equipment. 

d. Alarm lights signaling system malfunction. 

3. Sequence of Operation 

a. HAND MODE 

1) The ON/OFF switches for individual Fans govern the operation of 
the system. Motorized dampers shall be interlocked to fan 
operation. 

b. OFF MODE 
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1) All fans are OFF and all dampers closed.   

c. AUTO MODE 

1) Fans shall be initiated by a wall line voltage ON-OFF thermostat 
(85F adjustable) to ventilate for heat control.  Motorized dampers 
shall be interlocked to fan operation. 

d. Regardless of Mode 

1) If any alarm becomes energized then the general alarm shall also 
signal, and a discrete signal shall be sent to the SCADA system 
indicating the general alarm. 

2) If a Sprinkler initiation signal is received from the Fire Alarm 
Control Panel, all equipment shall shut-down and de-energize.  
The fire alarm signal shall illuminate. 

3) Motorized dampers shall be verified open before fan can start. 

2.13 DIRECT DIGITAL CONTROL (DDC) 

A. Consult owner for system manufacturer preferences (Tritium or approved equal). 

B. Connect and control WSHPs, not handled by Chemical Room Control Panels, through 
MODBUS.  DDC shall connect to SCADA system through MODBUS and shall transmit a 
general alarm if any alarm condition is detected on any connected WSHP system. 

C. DDC System shall be programmable and integrable with the water source heat pump 
systems. 

D. Alarm Conditions 

1. High/Low Temp Alarm – space temperature is 5 F over cooling setpoint or 5 
lower than heating set point 

2. High/Low Circulating Water Temp – innate alarm to WSHP  

3. Low Coil Temperature – innate to WSHP 

4. Unit Shutdown 

PART 3 -- EXECUTION 

3.01 INSTALLATION 

A. All work described in this section shall be installed, wired, circuit tested and calibrated by 
the Temperature Control sub-Contractor’s factory certified technicians qualified for this 
work and in the regular employment of the temperature control system manufacturer or 
its exclusive factory authorized installing contracting field office (representative).  The 
installing office shall have a minimum of five years of installation experience with the 
manufacturer and shall provide documentation in submittal package verifying longevity 
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of the installing company's relationship with the manufacturer.  Supervision, calibration 
and checkout of the system shall be by the employees of the local exclusive factory 
authorized temperature control contracting field office (branch or representative).  

B. Install system and materials in accordance with manufacturer’s instructions, and as 
detailed on the Drawings.  

C. All communication wiring shall be separate from any wiring above 30 volts. 

D. All wiring shall be labeled with BRADY style wire markers at each end. 

E. Provide signal conditioning devices and surge protection devices for Controllers, Control 
Panels and peripherals. 

F. Drawings of temperature control systems are diagrammatic only and any apparatus not 
shown, such as relays, accessories, etc., but required to make the system operative to 
the complete satisfaction of the Engineer shall be furnished and installed without 
additional cost. 

3.02 WIRING 

A. The Temperature Control sub-contractor shall be responsible to furnish and install the 
control wiring to each control device. 

3.03 ACCEPTANCE TESTING 

A. Upon completion of the installation, the Temperature Control sub-contractor shall load all 
system software and start-up the system.  The Temperature Control sub- contractor 
shall perform all necessary calibration, testing and de-bugging and perform all required 
operational checks to insure that the system is functioning in full accordance with these 
specifications. 

B. The Temperature Control sub- contractor shall perform tests to verify proper 
performance of components, routines, and points.  Repeat tests until proper 
performance results.  This testing shall include a point-by-point log to validate 100% of 
the input and output points of the DDC system operation. 

C. Upon completion of the performance tests described above, repeat these tests, point by 
point as described in the validation log above in presence of Owner/Owner's 
Representative, as required. Properly schedule these tests so testing is complete at a 
time directed by the Owner/Owner's Representative.  Do not delay tests so as to prevent 
delay of occupancy permits or building occupancy. 

3.04 OPERATOR INSTRUCTION AND TRAINING 

A. During system commissioning and at such time acceptable performance of the TCS 
hardware and software has been established the Temperature Control sub-contractor 
shall provide on-site operator instruction to the owner's operating personnel.  Operator 
instruction shall be done during normal working hours and shall be performed by a 
competent representative familiar with the system hardware, software and accessories.  
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B. The Temperature Control sub-contractor shall provide 40 hours of instruction to the 
owner's designated personnel on the operation of the TCS and describe its intended use 
with respect to the programmed functions specified.   Operator orientation of the TCS 
shall include, but not be limited to; the overall operation program, equipment functions 
(both individually and as part of the total integrated system), commands, systems 
generation, advisories, and appropriate operator intervention required in responding to 
the System's operation. 

C. The training shall be in three sessions as follows: 

1. Initial Training: One-day session (8 hours) after system is started up and at least 
one week before first acceptance test.  Manual shall have been submitted at 
least two weeks prior to training so that the owners' personnel can start to 
familiarize themselves with the system before classroom instruction begins. 

2. First Follow-Up Training: One day (8 hours total) approximately two weeks after 
initial training, and before Formal Acceptance.   These sessions will deal with 
more advanced topics and answer questions. 

3. Warranty Follow Up:  One day (8 hours total) in no less than 4-hour increments, 
to be scheduled at the request of the owner during the one-year warranty period.  
These sessions shall cover topics as requested by the owner such as; how to 
add additional points, create and gather data for trends, graphic screen 
generation or modification of control routines. 

3.05 WARRANTY 

A. Equipment, materials and workmanship incorporated into the work shall be warranted for 
a period of one year from the time of system acceptance. 

B. Within this period, upon notice by the Owner, any defects in the TCS due to faulty 
materials, methods of installation or workmanship shall be promptly  repaired or replaced 
by the Temperature Control sub-contractor at no expense to the Owner.  

C. The Owner shall grant to the Temperature Control sub-Contractor, reasonable access to 
the TCS during the warranty period.  The Owner shall allow the Design Builder to access 
the TCS from a remote location for the purpose of diagnostics and troubleshooting, via 
the Internet, during the warranty period. 

- END OF SECTION - 
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SECTION 15990 

TESTING, ADJUSTING AND BALANCING 

PART 1 - GENERAL 

1.01 REQUIREMENTS 

1. This Section includes testing, adjusting, and balancing HVAC systems to 
produce design objectives, including the following: 

a. Balancing airflow and water flow within distribution systems, including 
submains, branches, and terminals, to indicated quantities according to 
specified tolerances. 

b. Adjusting total HVAC systems to provide indicated quantities 

c. Measuring electrical performance of HVAC equipment 

d. Setting quantitative performance of HVAC equipment 

e. Verifying that automatic control devices are functioning properly 

f. Measuring sound and vibration 

g. Reporting results of the activities and procedures specified in this Section 

Definitions 
 

A. Adjust:  To regulate fluid flow rate and air patterns at the terminal equipment, such as to 
reduce fan speed or adjust a damper. 

 
B. Balance:  To proportion flows within the distribution system, including submains, 

branches, and terminals, according to design quantities. 
 

C. Draft:  A current of air, when referring to localized effect caused by one or more factors 
of high air velocity, low ambient temperature, or direction of airflow, whereby more heat 
is withdrawn from a person's skin than is normally dissipated. 

 
D. Procedure:  An approach to and execution of a sequence of work operations to yield 

repeatable results. 
 

E. Report Forms:  Test data sheets for recording test data in logical order. 
 

F. Static Head:  The pressure due to the weight of the fluid above the point of 
measurement.  In a closed system, static head is equal on both sides of the pump. 

 
G. Suction Head:  The height of fluid surface above the centerline of the pump on the 

suction side. 

3
2

4
1

4
-0

0
0
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H. System Effect:  A phenomenon that can create undesired or unpredicted conditions that 

cause reduced capacities in all or part of a system. 
 

I. System Effect Factors:  Allowances used to calculate a reduction of the performance 
ratings of a fan when installed under conditions different from those presented when the 
fan was performance tested. 

 
J. Terminal:  A point where the controlled medium, such as fluid or energy, enters or leaves 

the distribution system. 
 

K. Test:  A procedure to determine quantitative performance of a system or equipment. 
 

L. Testing, Adjusting, and Balancing Agent:  The entity responsible for performing and 
reporting the testing, adjusting, and balancing procedures. 

 
M. AABC:  Associated Air Balance Council. 

 
N. AMCA:  Air Movement and Control Association. 

 
O. CTI:  Cooling Tower Institute. 

 
P. NEBB:  National Environmental Balancing Bureau. 

 
Q. SMACNA:  Sheet Metal and Air Conditioning Contractors' National Association 

1.02 SCOPE 

A. This section covers final testing adjusting and balancing operations after construction of 
the HVAC system(s).  

B. The Design/Builder shall secure the services of an independent testing, adjusting and 
balancing Agency to perform complete balance, adjustment and testing of hydronic 
equipment and distribution systems, including pumps, air handling units, chiller units and 
control systems.  Agency shall have on its staff at least one certified member of the 
National Environmental Balancing Bureau (NEBB) who has been a member in good 
standing for at least 3 years, and the Agency shall be NEBB certified for a period of at 
least three years; or Agency shall be a member of the Associated Air Balance Council 
(AABC) for at least 3 years. 

C. Instruments used shall be accurately calibrated and maintained in good working 
condition.  Equipment shall be as listed by ABBC or NEBB for this type work. 

D. The Agency shall provide tests to demonstrate the specified capacities and operation of 
all equipment and materials comprising the system(s).  Such tests other than as 
described herein, which are deemed necessary by the Engineer to indicate the fulfillment 
of the Contract, shall be made.  The Agency shall then make available to the Engineer 
such instruments and technicians as are required for spot checks of the system. 

E. The drawings and specifications indicate valves, controls and miscellaneous adjustment 
devices for the purpose of adjustment to obtain optimum operating conditions, and it will 
be the responsibility of the Design/Builder to install these devices in a manner that will 
leave them accessible and readily adjustable.  The Agency shall be consulted if there is 
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a questionable arrangement of a control or adjustable device. 

F. The Agency shall be responsible for inspecting, balancing, adjusting, testing and logging 
the data of the performance of the duct air distribution, controls and precision air 
conditioning units.  The Design/Builder and the suppliers of the equipment installed shall 
all cooperate with the Agency to provide all necessary data on the design and proper 
application of the system components and shall furnish all labor and material required to 
eliminate any deficiencies or non conforming operation. 

1. Submit brief written report of each inspection to the Engineer, with copies to 
Design/Builder and Owner's Representative. 

2. Upon completion of the installation and start-up of the mechanical equipment by 
the Design/Builder, Agency shall balance, test and adjust the system(s) 
components to obtain optimum conditions in each conditioned space in the 
building. 

3. Prior to Final Application for Payment, the Design/Builder shall submit copies of 
the completed Testing, Adjusting and Balancing Report.  The Testing, Adjusting 
and Balancing Report shall be complete with logs, data, and records as required 
herein. 

4. The Report shall contain the following general data: 

a. Project No. 

1) Contract No. 

2) Project Title: 

3) Project Location: 

4) Engineer: (Name) 

5) Field Test Engineer: (Name) 

6) Testing Diagnosis and Analysis by: (Name) 

7) Agency:  (Firm name, telephone number and address) 

8) Design/Builder:  (Name and address) 

9) Inclusive dates tests were performed and date of Report 

10) Test Certification Number: 

11) Certification by Agency’s Principal Engineer 

b. The Testing Adjusting and Balancing Report shall contain the following 
sections: 

1) Table of Contents 

2) General data and certification 

3) Brief Description of Tests and Test Procedures (including 
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instruments used) 

4) Summary of Test Results (note deficiencies, if any, and action 
taken for correction) 

5) Logs, Data, and Records 

1.03 REFERENCES 

A. AABC - National Standards for Field Measurement and Instrumentation, Total System 
Balance. 

B. NEBB - Procedural Standards for Testing, Balancing and Adjusting of Environmental 
Systems. 

1.04 PROCEDURES  

A. Operating Tests.  After all mechanical systems have been completed, and prior to 
balance, subject each system to an operating test under design conditions to ensure 
proper sequence of operation in all operating modes.  Make adjustments as required to 
ensure proper functioning of all systems. 

B. Certified Data.  The Design/Builder shall provide the Agency with the certified data on 
pumps, chillers and other equipment required for proper balancing of the system. 

C. Adjustment.  The Agency shall supervise or perform necessary adjustments to valves, 
pumps and other controls as required to properly balance the system. 

D. Balancing.  The Agency shall follow balancing and testing procedures published by the 
AABC, or NEBB. 

E. Reports:  Compile the test data on report forms as listed in the AABC "National 
Standards for Total System Balance".  

1.05 SUBMITTALS 

A. Submit Testing, Adjusting and Balancing Report as a Shop Drawing submittal under the 
provisions of Division 1, General Requirements. 

PART 2 - PRODUCTS 

2.01 NOT USED 

PART 3 - EXECUTION 

3.01 Examination 
 

A. Examine Contract Documents to become familiar with project requirements and to 
discover conditions in systems' designs that may preclude proper testing, adjusting, and 
balancing of systems and equipment. 

 
1. Contract Documents are defined in the General and Supplementary Conditions 

of the Contract. 
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2. Verify that balancing devices, such as test ports, gage cocks, thermometer wells, 
flow-control devices, balancing valves and fittings, and manual volume dampers, 
are required by the Contract Documents.  Verify that quantities and locations of 
these balancing devices are accessible and appropriate for effective balancing 
and for efficient system and equipment operation. 

 
B. Examine approved submittal data of HVAC systems and equipment. 

 
C. Examine Architect's and Engineer's design data, including HVAC system descriptions, 

statements of design assumptions for environmental conditions and systems' output, and 
statements of philosophies and assumptions about HVAC system and equipment 
controls. 

 
D. Examine equipment performance data, including fan and pump curves.  Relate 

performance data to project conditions and requirements, including system effects that 
can create undesired or unpredicted conditions that cause reduced capacities in all or 
part of a system.  Calculate system effect factors to reduce the performance ratings of 
HVAC equipment when installed under conditions different from those presented when 
the equipment was performance tested at the factory.  To calculate system effects for air 
systems, use tables and charts found in AMCA 201, "Fans and Systems," Sections 7 
through 10; or in SMACNA's "HVAC Systems--Duct Design," Sections 5 and 6.  
Compare this data with the design data and installed conditions. 

 
E. Examine system and equipment installations to verify that they are complete and that 

testing, cleaning, adjusting, and commissioning specified in individual Specification 
Sections have been performed. 

 
F. Examine system and equipment test reports. 

 
G. Examine HVAC system and equipment installations to verify that indicated balancing 

devices, such as test ports, gage cocks, thermometer wells, flow-control devices, 
balancing valves and fittings, and manual volume dampers, are properly installed, and 
their locations are accessible and appropriate for effective balancing and for efficient 
system and equipment operation. 

 
H. Examine systems for functional deficiencies that cannot be corrected by adjusting and 

balancing. 
 
I. Examine air-handling equipment to ensure clean filters have been installed, bearings are 

greased, belts are aligned and tight, and equipment with functioning controls is ready for 
operation. 

 
J. Examine terminal units, such as variable-air-volume boxes and mixing boxes, to verify 

that they are accessible and their controls are connected and functioning. 
 
K. Examine plenum ceilings, utilized for supply air, to verify that they are airtight.  Verify that 

pipe penetrations and other holes are sealed. 
 
L. Examine strainers for clean screens and proper perforations. 
 
M. Examine 3-way valves, if applicable, for proper installation for their intended function of 

diverting or mixing fluid flows. 
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N. Examine heat-transfer coils for correct piping connections and for clean and straight fins. 
 
O. Examine open-piping-system pumps to ensure absence of entrained air in the suction 

piping. 
 
P. Examine equipment for installation and for properly operating safety interlocks and 

controls. 
 
Q. Examine automatic temperature system components to verify the following: 

 
1. Dampers, valves, and other controlled devices operate by the intended controller. 

 
2. Dampers and valves are in the position indicated by the controller. 

 
3. Integrity of valves and dampers for free and full operation and for tightness of 

fully closed and fully open positions.  This includes dampers in multizone units, 
mixing boxes, and variable-air-volume terminals. 

 
4. Automatic modulating and shutoff valves, including 2-way valves and 3-way 

mixing and diverting valves, are properly connected. 
 

5. Thermostats and humidistats are located to avoid adverse effects of sunlight, 
drafts, and cold walls. 

 
6. Sensors are located to sense only the intended conditions. 

 
7. Sequence of operation for control modes is according to the Contract 

Documents. 
 

8. Controller set points are set at design values.  Observe and record system 
reactions to changes in conditions.  Record default set points if different from 
design values. 

 
9. Interlocked systems are operating. 

 
10. Changeover from heating to cooling mode occurs according to design values. 

 
R. Report deficiencies discovered before and during performance of testing, adjusting, and 

balancing procedures. 
 
3.02 Preparation 
 

A. Prepare a testing, adjusting, and balancing plan that includes strategies and step-by-
step procedures. 

 
B. Complete system readiness checks and prepare system readiness reports.  Verify the 

following: 
 

1. Permanent electrical power wiring is complete. 
 

2. Hydronic systems are filled, clean, and free of air. 
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3. Automatic temperature-control systems are operational. 

 
4. Equipment and duct access doors are securely closed. 

 
5. Balance, smoke, and fire dampers are open. 

 
6. Isolating and balancing valves are open and control valves are operational. 

 
7. Ceilings are installed in critical areas where air-pattern adjustments are required 

and access to balancing devices is provided. 
 

8. Windows and doors can be closed so design conditions for system operations 
can be met. 

 
3.03 General Testing And Balancing Procedures 
 

A. Perform testing and balancing procedures on each system according to the procedures 
contained in NEBB's "Procedural Standards for Testing, Adjusting, and Balancing of 
Environmental Systems" and this Section. 

 
B. Cut insulation, ducts, pipes, and equipment cabinets for installation of test probes to the 

minimum extent necessary to allow adequate performance of procedures.  After testing 
and balancing, close probe holes and patch insulation with new materials identical to 
those removed.  Restore vapor barrier and finish according to the insulation 
Specifications for this Project. 

 
C. Mark equipment settings with paint or other suitable, permanent identification material, 

including damper-control positions, valve indicators, fan-speed-control levers, and 
similar controls and devices, to show final settings. 

 
3.04 Fundamental Air Systems' Balancing Procedures 
 

A. Prepare test reports for both fans and outlets.  Obtain manufacturer's outlet factors and 
recommended testing procedures.  Crosscheck the summation of required outlet 
volumes with required fan volumes. 

 
B. Prepare schematic diagrams of systems' "as-built" duct layouts. 

 
C. For variable-air-volume systems, develop a plan to simulate diversity. 

 
D. Determine the best locations in main and branch ducts for accurate duct airflow 

measurements. 
 

E. Check the airflow patterns from the outside-air louvers and dampers and the return- and 
exhaust-air dampers, through the supply-fan discharge and mixing dampers. 

 
F. Locate start-stop and disconnect switches, electrical interlocks, and motor starters. 

 
G. Verify that motor starters are equipped with properly sized thermal protection. 

 
H. Check dampers for proper position to achieve desired airflow path. 



Sustainable Water Phase 3 –  Testing, Adjusting and Balancing – REV 0   
Demonstration Facility 15990-8 IFC June 2017 

 
I. Check for airflow blockages. 

 
J. Check condensate drains for proper connections and functioning. 

 
K. Check for proper sealing of air-handling unit components. 

 
3.05 CONSTANT-VOLUME AIR SYSTEMS' BALANCING PROCEDURES 
 

A. The procedures in this Article apply to constant-volume supply-, return-, and exhaust-air 
systems.  Additional procedures are required for variable-air-volume, multizone, dual-
duct, induction-unit supply-air systems and process exhaust-air systems.  These 
additional procedures are specified in other articles in this Section. 

 
B. Adjust fans to deliver total design airflows within the maximum allowable rpm listed by 

the fan manufacturer. 
 

1. Measure fan static pressures to determine actual static pressure as follows: 
 

a. Measure outlet static pressure as far downstream from the fan as 
practicable and upstream from restrictions in ducts such as elbows and 
transitions. 

 
b. Measure static pressure directly at the fan outlet or through the flexible 

connection. 
 

c. Measure inlet static pressure of single-inlet fans in the inlet duct as near 
the fan as possible, upstream from flexible connection and downstream 
from duct restrictions. 

 
d. Measure inlet static pressure of double-inlet fans through the wall of the 

plenum that houses the fan. 
 

2. Measure static pressure across each air-handling unit component.  
 

a. Simulate dirty filter operation and record the point at which maintenance 
personnel must change filters. 

 
3. Measure static pressures entering and leaving other devices such as sound 

traps, heat recovery equipment, and air washers under final balanced conditions. 
 

4. Compare design data with installed conditions to determine variations in design 
static pressures versus actual static pressures.  Compare actual system effect 
factors with calculated system effect factors to identify where variations occur.  
Recommend corrective action to align design and actual conditions. 

 
5. Adjust fan speed higher or lower than design with the approval of the Engineer & 

Architect.  Make required adjustments to pulley sizes, motor sizes, and electrical 
connections to accommodate fan-speed changes. 

 
6. Do not make fan-speed adjustments that result in motor overload.  Consult 

equipment manufacturers about fan-speed safety factors.  Modulate dampers 
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and measure fan-motor amperage to ensure no overload will occur.  Measure 
amperage in full cooling, full heating, and economizer modes to determine the 
maximum required brake horsepower. 

 
C. Adjust volume dampers for main duct, submain ducts, and major branch ducts to design 

airflows within specified tolerances. 
 

1. Measure static pressure at a point downstream from the balancing damper and 
adjust volume dampers until the proper static pressure is achieved.  

 
a. Where sufficient space in submains and branch ducts is unavailable for 

Pitot-tube traverse measurements, measure airflow at terminal outlets 
and inlets and calculate the total airflow for that zone. 

 
2. Remeasure each submain and branch duct after all have been adjusted.  

Continue to adjust submains and branch ducts to design airflows within specified 
tolerances.  

 
D. Measure terminal outlets and inlets without making adjustments. 

 
1. Measure terminal outlets using a direct-reading hood or the outlet manufacturer's 

written instructions and calculating factors.  
 

E. Adjust terminal outlets and inlets for each space to design airflows within specified 
tolerances of design values.  Make adjustments using volume dampers rather than 
extractors and the dampers at the air terminals. 

 
1. Adjust each outlet in the same room or space to within specified tolerances of 

design quantities without generating noise levels above the limitations prescribed 
by the Contract Documents. 

 
2. Adjust patterns of adjustable outlets for proper distribution without drafts. 

 
3.06 Fundamental Procedures For Hydronic Systems 
 

A. Prepare test reports with pertinent design data and number in sequence starting at pump 
to end of system.  Check the sum of branch-circuit flows against approved pump flow 
rate.  Correct variations that exceed plus or minus 5 percent. 

 
B. Prepare schematic diagrams of systems' "as-built" piping layouts. 

 
C. Prepare hydronic systems for testing and balancing according to the following, in 

addition to the general preparation procedures specified above: 
 

1. Open all manual valves for maximum flow. 
 

2. Check expansion tank liquid level. 
 

3. Check makeup-water-station pressure gage for adequate pressure for highest 
vent. 
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4. Check flow-control valves for specified sequence of operation and set at design 
flow. 

 
5. Set differential-pressure control valves at the specified differential pressure.  Do 

not set at fully closed position when pump is positive-displacement type, unless 
several terminal valves are kept open. 

 
6. Set system controls so automatic valves are wide open to heat exchangers. 

 
7. Check pump-motor load.  If motor is overloaded, throttle main flow-balancing 

device so motor nameplate rating is not exceeded. 
 

8. Check air vents for a forceful liquid flow exiting from vents when manually 
operated. 

 
3.07 Hydronic Systems' Balancing Procedures 
 

A. Determine water flow at pumps.  Use the following procedures, except for positive-
displacement pumps: 

 
1. Verify impeller size by operating the pump with the discharge valve closed.  

Verify with the pump manufacturer that this will not damage pump.  Read 
pressure differential across the pump.  Convert pressure to head and correct for 
differences in gage heights.  Note the point on the manufacturer's pump curve at 
zero flow and confirm that the pump has the intended impeller size. 

 
2. Check system resistance.  With all valves open, read pressure differential across 

the pump and mark the pump manufacturer's head-capacity curve.  Adjust pump 
discharge valve until design water flow is achieved. 

 
3. Verify pump-motor brake horsepower.  Calculate the intended brake horsepower 

for the system based on the pump manufacturer's performance data.  Compare 
calculated brake horsepower with nameplate data on the pump motor.  Report 
conditions where actual amperage exceeds motor nameplate amperage. 

 
4. Report flow rates that are not within plus or minus 5 percent of design. 

 
B. Set calibrated balancing valves, if installed, at calculated presettings. 

 
C. Measure flow at all stations and adjust, where necessary, to obtain first balance. 

 
1. System components that have Cv rating or an accurately cataloged flow-

pressure-drop relationship may be used as a flow-indicating device.  
 

D. Measure flow at main balancing station and set main balancing device to achieve flow 
that is 5 percent greater than design flow. 

 
E. Adjust balancing stations to within specified tolerances of design flow rate as follows: 

 
1. Determine the balancing station with the highest percentage over design flow. 
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2. Adjust each station in turn, beginning with the station with the highest percentage 
over design flow and proceeding to the station with the lowest percentage over 
design flow. 

 
3. Record settings and mark balancing devices. 

 
F. Measure pump flow rate and make final measurements of pump amperage, voltage, 

rpm, pump heads, and systems' pressures and temperatures, including outdoor-air 
temperature. 

 
G. Measure the differential-pressure control valve settings existing at the conclusions of 

balancing. 
 
 
3.08 Heat Exchangers 
 

A. Measure water flow through all circuits. 
 

B. Adjust water flow to within specified tolerances. 
 

C. Measure inlet and outlet water temperatures. 
 
 

D. Record safety valve settings. 
 
 
3.09 Motors 
 

A. Motors, 1/2 HP and Larger:  Test at final balanced conditions and record the following 
data: 

 
1. Manufacturer, model, and serial numbers. 
2. Motor horsepower rating. 

 
3. Motor rpm. 

 
4. Efficiency rating if high-efficiency motor. 

 
5. Nameplate and measured voltage, each phase. 

 
6. Nameplate and measured amperage, each phase. 

 
7. Starter thermal-protection-element rating. 

 
B. Motors Driven by Variable-Frequency Controllers:  Test for proper operation at speeds 

varying from minimum to maximum.  Test the manual bypass for the controller to prove 
proper operation.  Record observations, including controller manufacturer, model and 
serial numbers, and nameplate data. 

 
3.10 Heat-Transfer Coils 
 

A. Electric-Heating Coils:  Measure the following data for each coil: 
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1. Nameplate data. 

 
2. Airflow. 

 
3. Entering- and leaving-air temperatures at full load. 

 
4. Voltage and amperage input of each phase at full load and at each incremental 

stage. 
 

5. Calculated kW at full load. 
 

6. Fuse or circuit-breaker rating for overload protection. 
 
3.11 Temperature Testing 
 

A. During testing, adjusting, and balancing, report need for adjustment in temperature 
regulation within the automatic temperature-control system. 

 
B. Measure indoor wet- and dry-bulb temperatures every other hour for a period of 2 

successive 8-hour days, in each separately controlled zone, to prove correctness of final 
temperature settings.  Measure when the building or zone is occupied. 

 
C. Measure outside-air, wet- and dry-bulb temperatures. 

 
3.12 Temperature - Control Verification 
 

A. Verify that controllers are calibrated and commissioned. 
 

B. Check transmitter and controller locations and note conditions that would adversely 
affect control functions. 

 
C. Record controller settings and note variances between set points and actual 

measurements. 
 

D. Verify operation of limiting controllers (i.e., high- and low-temperature controllers). 
 

E. Verify free travel and proper operation of control devices such as damper and valve 
operators. 

 
F. Verify sequence of operation of control devices.  Note air pressures and device positions 

and correlate with airflow and water-flow measurements.  Note the speed of response to 
input changes. 

 
G. Confirm interaction of electrically operated switch transducers. 

 
H. Confirm interaction of interlock and lockout systems. 

 
I. Verify main control supply-air pressure and observe compressor and dryer operations. 

 
J. Record voltages of power supply and controller output.  Determine if the system 

operates on a grounded or nongrounded power supply. 
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K. Note operation of electric actuators using spring return for proper fail-safe operations. 

 
3.13 Tolerances 
 

A. Set HVAC system airflow and water flow rates within the following tolerances: 
 

1. Supply, Return, and Exhaust Fans:  0 to plus 10 percent. 
 

2. Air Outlets and Inlets:  0 to plus 10 percent. 
 

3. Heating-Water Flow Rate:  0 to plus 10 percent. 
 

4. Cooling-Water Flow Rate:  0 to plus 10 percent. 
 
3.14 Reporting 
 

A. Initial Construction-Phase Report:  Based on examination of the Contract Documents as 
specified in "Examination" Article above, prepare a report on the adequacy of design for 
systems' balancing devices.  Recommend changes and additions to systems' balancing 
devices to facilitate proper performance measuring and balancing.  Recommend 
changes and additions to HVAC systems and general construction to allow access for 
performance measuring and balancing devices. 

 
B. Status Reports:  As Work progresses, prepare reports to describe completed 

procedures, procedures in progress, and scheduled procedures.  Include a list of 
deficiencies and problems found in systems being tested and balanced.  Prepare a 
separate report for each system and each building floor for systems serving multiple 
floors. 

 
 
 
3.15 Final Report 
 

A. General:  Typewritten, or computer printout in letter-quality font, on standard bond paper, 
in 3-ring binder, tabulated and divided into sections by tested and balanced systems. 

 
B. Include a certification sheet in front of binder signed and sealed by the certified testing 

and balancing engineer. 
 

1. Include a list of the instruments used for procedures, along with proof of 
calibration. 

 
C. Final Report Contents:  In addition to the certified field report data, include the following: 

 
1. Pump curves. 

 
2. Fan curves. 

 
3. Manufacturers' test data. 

 
4. Field test reports prepared by system and equipment installers. 
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5. Other information relative to equipment performance, but do not include 

approved Shop Drawings and Product Data. 
 

D. General Report Data:  In addition to the form titles and entries, include the following data 
in the final report, as applicable:  

 
1. Title page. 

 
2. Name and address of testing, adjusting, and balancing Agent. 

 
3. Project name. 

 
4. Project location. 

 
5. Architect's name and address. 

 
6. Engineer's name and address. 

 
7. Contractor's name and address. 

 
8. Report date. 
9. Signature of testing, adjusting, and balancing Agent who certifies the report. 

 
10. Summary of contents, including the following: 

 
a. Design versus final performance. 

 
b. Notable characteristics of systems. 

 
c. Description of system operation sequence if it varies from the Contract 

Documents. 
 

11. Nomenclature sheets for each item of equipment. 
 

12. Data for terminal units, including manufacturer, type size, and fittings. 
 

13. Notes to explain why certain final data in the body of reports vary from design 
values. 

 
14. Test conditions for fans and pump performance forms, including the following: 

 
a. Settings for outside-, return-, and exhaust-air dampers. 

 
b. Conditions of filters. 

 
c. Cooling coil, wet- and dry-bulb conditions. 

 
d. Face and bypass damper settings at coils. 

 
e. Fan drive settings, including settings and percentage of maximum pitch 

diameter. 
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f. Inlet vane settings for variable-air-volume systems. 

 
g. Settings for supply-air, static-pressure controller. 
h. Other system operating conditions that affect performance. 

 
E. System Diagrams:  Include schematic layouts of air and hydronic distribution systems.  

Present with single-line diagrams and include the following:  
 

1. Quantities of outside, supply, return, and exhaust airflows. 
 

2. Water and steam flow rates. 
 

3. Duct, outlet, and inlet sizes. 
 

4. Pipe and valve sizes and locations. 
 

5. Terminal units. 
 

6. Balancing stations. 
 

F. Air-Handling Unit Test Reports:  For air-handling units with coils, include the following:  
 

1. Unit Data:  Include the following: 
 

a. Unit identification. 
 

b. Location. 
 

c. Make and type. 
 

d. Model number and unit size. 
 

e. Manufacturer's serial number. 
 

f. Unit arrangement and class. 
 

g. Discharge arrangement. 
 

h. Sheave make, size in inches (mm), and bore. 
 

i. Sheave dimensions, center-to-center and amount of adjustments in 
inches (mm). 

 
j. Number of belts, make, and size. 

 
k. Number of filters, type, and size. 

 
2. Motor Data:  Include the following: 

 
a. Make and frame type and size. 
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b. Horsepower and rpm. 
 

c. Volts, phase, and hertz. 
 

d. Full-load amperage and service factor. 
 

e. Sheave make, size in inches (mm), and bore. 
 

f. Sheave dimensions center-to-center and amount of adjustments in inches 
(mm). 

 
3. Test Data:  Include design and actual values for the following: 

 
a. Total airflow rate in cfm (L/s). 

 
b. Total system static pressure in inches wg (Pa). 

 
c. Fan rpm. 

 
d. Discharge static pressure in inches wg (Pa). 

 
e. Filter static-pressure differential in inches wg (Pa). 

 
f. Preheat coil static-pressure differential in inches wg (Pa). 

 
g. Cooling coil static-pressure differential in inches wg (Pa). 

 
h. Heating coil static-pressure differential in inches wg (Pa). 

 
i. Outside airflow in cfm (L/s). 

 
j. Return airflow in cfm (L/s). 

 
k. Outside-air damper position. 

 
l. Return-air damper position. 

 
m. Vortex damper position. 

 
G. Apparatus-Coil Test Reports:  For apparatus coils, include the following:  

 
1. Coil Data:  Include the following: 

 
a. System identification. 

 
b. Location. 

 
c. Coil type. 

 
d. Number of rows. 

 
e. Fin spacing in fins per inch (mm o.c.). 
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f. Make and model number. 

 
g. Face area in sq. ft. (sq. m). 
h. Tube size in NPS (DN). 

 
i. Tube and fin materials. 

 
j. Circuiting arrangement. 

 
2. Test Data:  Include design and actual values for the following: 

 
a. Airflow rate in cfm (L/s). 

 
b. Average face velocity in fpm (m/s). 

 
c. Air pressure drop in inches wg (Pa). 

 
d. Outside-air, wet- and dry-bulb temperatures in deg F (deg C). 

 
e. Return-air, wet- and dry-bulb temperatures in deg F (deg C). 

 
f. Entering-air, wet- and dry-bulb temperatures in deg F (deg C). 

 
g. Leaving-air, wet- and dry-bulb temperatures in deg F (deg C). 

 
h. Water flow rate in gpm (L/s). 

 
i. Water pressure differential in feet of head or psig (kPa). 

 
j. Entering-water temperature in deg F (deg C). 

 
k. Leaving-water temperature in deg F (deg C). 

 
 
 

2. Test Data:  Include design and actual values for the following: 
 

a. Total airflow rate in cfm (L/s). 
 

b. Entering-air temperature in deg F (deg C). 
 

a. Leaving-air temperature in deg F (deg C). 
 

b. Air temperature differential in deg F (deg C). 
 

c. Entering-air static pressure in inches wg (Pa). 
 

d. Leaving-air static pressure in inches wg (Pa). 
 

e. Air static-pressure differential in inches wg (Pa). 
 



Sustainable Water Phase 3 –  Testing, Adjusting and Balancing – REV 0   
Demonstration Facility 15990-18 IFC June 2017 

f. Low-fire fuel input in Btuh (kW). 
 

g. High-fire fuel input in Btuh (kW). 
 

h. Manifold pressure in psig (kPa). 
 

i. High-temperature-limit setting in deg F (deg C). 
 

j. Operating set point in Btuh (kW). 
 

k. Motor voltage at each connection. 
 

l. Motor amperage for each phase. 
 

m. Heating value of fuel in Btuh (kW). 
 

I. Electric-Coil Test Reports:  For electric furnaces, duct coils, and electric coils installed in 
central-station air-handling units, include the following:  

 
1. Unit Data:  Include the following: 

 
a. System identification. 

 
b. Location. 

 
c. Coil identification. 

 
d. Capacity in Btuh (kW). 

 
e. Number of stages. 

 
f. Connected volts, phase, and hertz. 

 
g. Rated amperage. 

 
h. Airflow rate in cfm (L/s). 

 
i. Face area in sq. ft. (sq. m). 

 
j. Minimum face velocity in fpm (m/s). 

 
2. Test Data:  Include design and actual values for the following: 

 
a. Heat output in Btuh (kW). 

 
b. Airflow rate in cfm (L/s). 

 
c. Air velocity in fpm (m/s). 

 
d. Entering-air temperature in deg F (deg C). 

 
e. Leaving-air temperature in deg F (deg C). 
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f. Voltage at each connection. 

 
g. Amperage for each phase. 

 
 

J. Fan Test Reports:  For supply, return, and exhaust fans, include the following:  
 

1. Fan Data:  Include the following: 
 

a. System identification. 
 

b. Location. 
 

c. Make and type. 
 

d. Model number and size. 
 

e. Manufacturer's serial number. 
 

f. Arrangement and class. 
 

g. Sheave make, size in inches (mm), and bore. 
 

h. Sheave dimensions center-to-center and amount of adjustments in inches 
(mm). 

 
2. Motor Data:  Include the following: 

 
a. Make and frame type and size. 

 
b. Horsepower and rpm. 

 
c. Volts, phase, and hertz. 

 
d. Full-load amperage and service factor. 

 
e. Sheave make, size in inches (mm), and bore. 

 
f. Sheave dimensions center-to-center and amount of adjustments in inches 

(mm). 
 

g. Number of belts, make, and size. 
 

3. Test Data:  Include design and actual values for the following: 
 

a. Total airflow rate in cfm (L/s). 
 

b. Total system static pressure in inches wg (Pa). 
 

c. Fan rpm. 
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d. Discharge static pressure in inches wg (Pa). 
 

e. Suction static pressure in inches wg (Pa). 
 

K. Round, Flat-Oval, and Rectangular Duct Traverse Reports:  Include a diagram with a 
grid representing the duct cross-section and record the following:  

 
1. Report Data:  Include the following: 

 
a. System and air-handling unit number. 

 
b. Location and zone. 

 
c. Traverse air temperature in deg F (deg C). 

 
d. Duct static pressure in inches wg (Pa). 

 
e. Duct size in inches (mm). 

 
f. Duct area in sq. ft. (  (sq. m)). 

 
g. Design airflow rate in cfm (L/s). 

 
h. Design velocity in fpm (m/s). 

 
i. Actual airflow rate in cfm (L/s). 

 
j. Actual average velocity in fpm (m/s). 

 
k. Barometric pressure in psig (Pa). 

 
L. Air-Terminal-Device Reports:  For terminal units, include the following:  

 
1. Unit Data:  Include the following: 

 
a. System and air-handling unit identification. 

 
b. Location and zone. 

 
c. Test apparatus used. 

 
d. Area served. 

 
e. Air-terminal-device make. 

 
f. Air-terminal-device number from system diagram. 

 
g. Air-terminal-device type and model number. 

 
h. Air-terminal-device size. 

 
i. Air-terminal-device effective area in sq. ft. (  (sq. m)). 
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2. Test Data:  Include design and actual values for the following: 

 
a. Airflow rate in cfm (L/s). 

 
b. Air velocity in fpm (m/s). 

 
c. Preliminary airflow rate as needed in cfm (L/s). 

 
d. Preliminary velocity as needed in fpm (m/s). 

 
e. Final airflow rate in cfm (L/s). 

 
f. Final velocity in fpm (m/s). 

 
g. Space temperature in deg F (deg C). 

 
M. System-Coil Reports:  For reheat coils and water coils of terminal units, include the 

following:  
 

1. Unit Data:  Include the following: 
 

a. System and air-handling unit identification. 
 

b. Location and zone. 
 

c. Room or riser served. 
 

d. Coil make and size. 
 

e. Flowmeter type. 
 

2. Test Data:  Include design and actual values for the following: 
 

a. Airflow rate in cfm (L/s). 
 

b. Entering-water temperature in deg F (deg C). 
 

c. Leaving-water temperature in deg F (deg C). 
 

d. Water pressure drop in feet of head or psig (kPa). 
 

e. Entering-air temperature in deg F (deg C). 
 

f. Leaving-air temperature in deg F (deg C). 
 

N. Heat-Exchanger/Converter Test Reports:  For steam and hot-water heat exchangers, 
include the following:  

 
1. Unit Data:  Include the following: 

 
a. Unit identification. 
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b. Location. 

 
c. Service. 

 
d. Make and type. 

 
e. Model and serial numbers. 

 
f. Ratings. 

 
2. Primary Water Test Data:  Include design and actual values for the following: 

 
a. Entering-water temperature in deg F (deg C). 

 
b. Leaving-water temperature in deg F (deg C). 

 
c. Entering-water pressure in feet of head or psig (kPa). 

 
d. Water pressure differential in feet of head or psig (kPa). 

 
e. Water flow rate in gpm (L/s). 

 
3. Secondary Water Test Data:  Include design and actual values for the following: 

 
a. Entering-water temperature in deg F (deg C). 

 
b. Leaving-water temperature in deg F (deg C). 

 
c. Entering-water pressure in feet of head or psig (kPa). 

 
d. Water pressure differential in feet of head or psig (kPa). 

 
e. Water flow rate in gpm (L/s). 

 
O. Pump Test Reports:  For pumps, include the following data.  Calculate impeller size by 

plotting the shutoff head on pump curves.  
 

1. Unit Data:  Include the following: 
 

a. Unit identification. 
 

b. Location. 
 

c. Service. 
 

d. Make and size. 
 

e. Model and serial numbers. 
 

f. Water flow rate in gpm (L/s). 
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g. Water pressure differential in feet of head or psig (kPa). 
 

h. Required net positive suction head in feet of head or psig (kPa). 
 

i. Pump rpm. 
 

j. Impeller diameter in inches (mm). 
 

k. Motor make and frame size. 
 

l. Motor horsepower and rpm. 
 

m. Voltage at each connection. 
 

n. Amperage for each phase. 
o. Full-load amperage and service factor. 

 
p. Seal type. 

 
2. Test Data:  Include design and actual values for the following: 

 
a. Static head in feet of head or psig (kPa). 

 
b. Pump shutoff pressure in feet of head or psig (kPa). 

 
c. Actual impeller size in inches (mm). 

 
d. Full-open flow rate in gpm (L/s). 

 
e. Full-open pressure in feet of head or psig (kPa). 

 
f. Final discharge pressure in feet of head or psig (kPa). 

 
g. Final suction pressure in feet of head or psig (kPa). 

 
h. Final total pressure in feet of head or psig (kPa). 

 
i. Final water flow rate in gpm (L/s). 

 
j. Voltage at each connection. 

 
k. Amperage for each phase. 

 
 

Q. Instrument Calibration Reports:  For instrument calibration, include the following:  
 

1. Report Data:  Include the following: 
 
a. Instrument type and make. 
 
b. Serial number. 
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c. Application. 
 
d. Dates of use. 
 
e. Dates of calibration. 

 
 
 

- END OF SECTION -  
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SECTION 16000 
 

BASIC ELECTRICAL REQUIREMENTS 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish all labor, materials, tools, and equipment, and perform all 
work and services necessary for, or incidental, to the furnishing and installation of all 
electrical work as shown on the Drawings, and as specified in accordance with the 
provisions of the Contract Documents and completely coordinate with the work of other 
trades involved in the general construction.  Although such work is not specifically shown or 
specified, all supplementary or miscellaneous items, appurtenances, and devices incidental 
to or necessary for a sound, secure, and complete installation shall be furnished and 
installed as part of this work.  The Design/Builder shall obtain approved Shop Drawings 
showing wiring diagrams, connection diagrams, roughing-in and hook up details for all 
equipment and comply therewith.  All electrical work shall be complete and left in operating 
condition in accordance with the intent of the Drawings and the Specifications for the 
electrical work. 

 
B. Reference Section 17000, Control and Information System Scope and General 

Requirements for scope of work details as they relate to the Division 17 requirements.  
 

C. The electrical scope of work for this project primarily includes, but is not limited to, the 
following: 

 
1. Furnish and installation new low voltage main circuit breaker, utility metering 

equipment cabinet (current transformers provided by Utility), and generator 
connection cabinet. 

 
2. Furnish and install low voltage motor control equipment. 

 
3. Furnish and install all control panels and variable frequency drives. 
  
4. Furnish and install power panelboards, lighting panelboards, dry-type transformers, 

and other low voltage electrical power distribution equipment. 
 
5. Furnish and install all aboveground raceway systems including conduit, fittings, 

boxes, supports, and other pertinent components. 
 
6. Furnish and install all underground raceway systems including conduit, fittings, 

handholes and other pertinent components. 
 
7. Furnish and install all low voltage wire and cable resulting in a complete and 

operable electrical system. 
 
8. Furnish and install new lighting systems and wiring devices. 
 
9. Furnish and install a fire alarm system. 

3
2

4
1

4
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0
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10. Other electrical work as specified herein and indicated on the Drawings. 

 
D. All material and equipment must be the product of an established, reputable, and approved 

manufacturer; must be new and of first class construction; must be designed and 
guaranteed to perform the service required; and must bear the label of approval of the 
Underwriters Laboratories, Inc., where such approval is available for the product of the listed 
manufacturer as approved by the Engineer. 

 
E. When a specified or indicated item has been superseded or is no longer available, the 

manufacturer's latest equivalent type or model of material or equipment as approved by the 
Engineer shall be furnished and installed at no additional cost to the Owner. 

 

F. Where the Design/Builder's selection of equipment of specified manufacturers or additionally 
approved manufacturers requires changes or additions to the system design, the 
Design/Builder shall be responsible in all respects for the modifications to all system 
designs, subject to approval of the Engineer.   

 

G. Furnish and install all stands, racks, brackets, supports, and similar equipment required to 
properly serve the equipment which is furnished under this Contract, or equipment otherwise 
specified or indicated on the Drawings. 

 

1.02 EQUIPMENT LOCATION 
 

A. The Drawings show the general location of feeders, transformers, outlets, conduits, and 
circuit arrangements.  Because of the small scale of the Drawings, it is not possible to 
indicate all of the details involved.  The Design/Builder shall carefully investigate the 
structural and finish conditions affecting all of his work and shall arrange such work 
accordingly; furnishing such fittings, junction boxes, and accessories as may be required to 
meet such conditions.  The Design/Builder shall refer to the entire Drawing set to verify 
openings, special surfaces, and location of other equipment, or other special equipment 
prior to roughing-in for panels, switches, and other outlets.  The Design/Builder shall verify 
all equipment dimensions to ensure that proposed equipment will fit properly in spaces 
indicated. 

 

B. Where outlets are shown near identified equipment furnished by this or other 
Design/Builders, it is the intent of the Specifications and Drawings that the outlet be located 
at the equipment to be served.  The Design/Builder shall coordinate the location of these 
outlets to be near the final location of the equipment served whether placed correctly or 
incorrectly on the Drawings. 

 

1.03 LOCAL CONDITIONS 
 

A. The Design/Builder shall examine the site and become familiar with conditions affecting the 
work.  The Design/Builder shall investigate, determine, and verify locations of any overhead 
or buried utilities on or near the site, and shall determine such locations in conjunction with 
all public and/or private utility companies and with all authorities having jurisdiction.   

 
B. The Design/Builder is responsible for coordinating all electric utility equipment installations 

with the serving electric utility.  The Design/Builder shall furnish and install the following 
electrical utility equipment as a minimum: 

 
1. Utility Transformer Secondary ductbank 
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2. Metering equipment cabinet and meter base (current transformers and meter 
provided by the utility) 

 
3. Conduit and wire required from metering cabinet to metering current transformers 

and potential transformers. 
 
4. Secondary conductors  
 
5. Secondary terminations 
 

 C. The electric utility will furnish and install the following equipment: 
 
1. Concrete transformer pads 

 
2. Primary ductbank, conductors, and terminations 
 
3.  Metering equipment 
 
4. Utility Transformer 

 

 D. The Design/Builder is responsible for ensuring all electric utility equipment and construction 
installed by the Design/Builder is furnished and installed in accordance with the electric 
utility’s design specifications and requirements.  The Design/Builder is fully responsible for 
coordinating his scope of work with the electric utility.  The contact person at the serving 
electrical utility is: 
 

Emily DeArmond 
Dominion Virginia Power 
5272 Godwin Boulevard, Suffolk, VA 23434 
757-255-3020    Mobile (757-636-2945) 

   Emily.D.DeArmond@dom.com 
 
1.04 SUBMITTALS 
 

A. In accordance with the procedures and requirements set forth in the General Conditions, 
Section 01 33 00 – Submittal Procedures and the requirements of the individual specification 
sections, the Design/Builder shall obtain from the equipment manufacturer and submit the 
following: 

 
1. Shop Drawings 

 
2. Operation and Maintenance Manuals 

 
3. Spare Parts List 

 
4. Proposed Testing Methods and Reports of Certified Shop Tests. 

 
5. Reports of Certified Field Tests. 
 
6. Manufacturer’s Representative’s Certification. 
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B. Submittals shall be sufficiently complete in detail to enable the Engineer to determine 
compliance with Contract requirements.   

 
C. Submittals will be approved only to the extent of the information shown.  Approval of an item 

of equipment shall not be construed to mean approval for components of that item for which 
the Design/Builder has provided no information. 

 
D. Some individual Division 16 specification sections may require a Compliance, Deviations, 

and Exceptions (CD&E) letter to be submitted.  If the CD&E letter is required and shop 
drawings are submitted without the letter, the submittal will be rejected.  The letter shall 
include all comments, deviations and exceptions taken to the Drawings and Specifications 
by the Design/Builder AND Equipment Manufacturer/Supplier.  This letter shall include a 
copy of this specification section.  In the left margin beside each and every paragraph/item, a 
letter "C", "D", or "E" shall be typed or written in.  The letter "C" shall be for full compliance 
with the requirement.  The letter "D" shall be for a deviation from the requirement.  The letter 
"E" shall be for taking exception to a requirement.  Any requirements with the letter "D" or "E" 
beside them shall be provided with a full typewritten explanation of the deviation/exception.  
Handwritten explanation of the deviations/exceptions is not acceptable.  The CD&E letter 
shall also address deviations, and exceptions taken to each Drawing related to this 
Specification Section. 

 
1.05 APPLICABLE CODES AND REQUIREMENTS 
 

A. Conformance 
 

1. All work, equipment and materials furnished shall conform with the existing rules, 
requirements and specifications of the following: 
 
a. Insurance Rating Organization having jurisdiction 

b. The serving electrical utility company 

c. The currently adopted edition of the National Electrical Code (NEC) 

d. The National Electric Manufacturers Association (NEMA) 

e. The Institute of Electrical and Electronic Engineers (IEEE) 

f. The Insulated Cable Engineers Association (ICEA) 

g. The American Society of Testing Materials (ASTM) 

h. The American National Standards Institute (ANSI) 

i. The requirements of the Occupational Safety Hazards Act (OSHA) 

j. The National Electrical Design/Builders Association (NECA) Standard of 
Installation 

k. National Fire Protection Association (NFPA) 

l. International Electrical Testing Association (NETA) 

m. All other applicable Federal, State and local laws and/or ordinances. 
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2. All material and equipment shall bear the inspection labels of Underwriters 
Laboratories, Inc., if the material and equipment is of the class inspected by said 
laboratories. 

 
B. Nonconformance 

 
1. Any paragraph of requirements in these Specifications, or Drawings, deviating from 

the rules, requirements and Specifications of the above organizations shall be invalid 
and their (the above organizations) requirements shall hold precedent thereto.  The 
Design/Builder shall be held responsible for adherence to all rules, requirements and 
specifications as set forth above.  Ignorance of any rule, requirement, or 
Specification shall not be allowed as an excuse for nonconformity.  Acceptance by 
the Engineer or Owner does not relieve the Design/Builder from the expense 
involved for the correction of any errors which may exist in the drawings submitted or 
in the satisfactory operation of any equipment. 

 
1.06 PERMITS AND INSPECTIONS 
 

A. The Design/Builder shall reference the General Conditions and the General Requirements. 
 
1.07 TEMPORARY LIGHTING AND POWER 
 

A. The Design/Builder shall reference the General Conditions and the General Requirements. 
 
1.08 TESTS 
 

A. Upon completion of the installation, the Design/Builder shall perform tests for operation, load 
(Phase) balance, overloads, and short circuits.  Tests shall be made with and to the 
satisfaction of the Owner and Engineer. 

 
B. The Design/Builder shall perform all field tests and shall provide all labor, equipment, and 

incidentals required for testing and shall pay for electric power required for the tests.  All 
defective material and workmanship disclosed shall be corrected by the Design/Builder at no 
cost to the Owner.  The Design/Builder shall show by demonstration in service that all 
circuits and devices are in good operating condition.  Test shall be such that each item of 
control equipment will function not less than five (5) times. 
 

C. Refer to each individual specification section for detailed test requirements. 
 

D. Before each test commences, the Design/Builder shall submit a detailed test procedure, and 
also provide test engineer resume, manpower and scheduling information for the approval 
by the Engineer.  In addition, the Design/Builder shall furnish detailed test procedures for 
any of his equipment required as part of the field tests of other systems. 

 
1.09 INFRARED INSPECTION 
 

A. Just prior to the final acceptance of a piece of equipment, the Design/Builder shall perform 
an infrared inspection to locate and correct all heating problems associated with electrical 
equipment terminations.  

 
B. The infrared inspection shall apply to all new equipment and existing equipment that is in 

any way modified under this Contract.  All heating problems detected with new equipment 
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furnished and installed under the Scope of this Contract shall be corrected by the 
Design/Builder.  All problems detected with portions of existing equipment modified under 
this Contract shall also be corrected by the Design/Builder.   
 

C. Any issues detected with portions of existing equipment that were not modified under this 
Contract are not the responsibility of the Design/Builder.  Despite the Design/Builder not 
being held responsible for these problems, the Design/Builder shall report them to the 
Owner and Engineer immediately for resolution.   

 
D. The infrared inspection report shall include both digital and IR pictures positioned side by 

side.  Both the digital and IR pictures shall be clear and high quality.  Fuzzy, grainy, or poorly 
illuminated pictures are not acceptable.  The IR picture shall be provided with a temperature 
scale beside it, and an indication of the hot spot temperature in each picture.  Reports shall 
be furnished in a 3-ring binder, with all pages printed in full color, with equipment assemblies 
separated by tabs.   

 
1.10 PROTECTIVE DEVICE SETTING AND TESTING 

 
 
A. The Design/Builder shall provide the services of a field services organization to adjust, set, 

calibrate and test all protective devices in the electrical system.  The organization shall be a 
subsidiary of or have a franchise service agreement with the electrical equipment 
manufacturer.  The qualifications of the organization and resumes of the technicians as well 
as all data forms to be used for the field testing shall be submitted. 

 
B. All protective devices in the electrical equipment shall be set, adjusted, calibrated and tested 

in accordance with the manufacturers’ recommendations, the coordination study, and best 
industry practice. 

 
C. Proper operation of all equipment associated with the device under test and its compartment 

shall be verified, as well as complete resistance, continuity and polarity tests of power, 
protective and metering circuits.  Any minor adjustments, repairs and/or lubrication 
necessary to achieve proper operation shall be considered part of this Contract. 

 
D. All solid state trip devices shall be checked and tested for setting and operation using 

manufacturers recommended test devices and procedures. 
 

E. Circuit breakers and/or contactors associated with the above devices shall be tested for trip 
and close functions with their protective device. 

 
F. When completed, the Design/Builder shall provide a comprehensive report for all equipment 

tested indicating condition, readings, faults and/or deficiencies in same.  Inoperative or 
defective equipment shall be brought immediately to the attention of the Engineer. 

 
G. Prior to placing any equipment in service, correct operation of all protective devices 

associated with this equipment shall be demonstrated by field testing under simulated load 
conditions. 

 
1.11 POWER SYSTEM STUDIES 
 

A. General 
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1. The Design/Builder shall provide short circuit studies, protective device evaluation 

studies, protective device coordination studies, and arc flash studies performed by a 
registered professional engineer. 

 
1.12 SCHEDULES AND FACILITY OPERATIONS 
 

A. When testing has been scheduled, the Owner must be notified 48 hours prior to any work to 
allow time for load switching and/or alternation of equipment.  In addition, all testing that 
requires temporary shutdown of facility equipment must be coordinated with the Owner so as 
not to affect proper facility operations. 

 
B. At the end of the workday, all equipment shall be back in place and ready for immediate use 

should a facility emergency arise.  In addition, should an emergency condition occur during 
testing, at the request of the Owner, the equipment shall be placed back in service 
immediately and turned over to Owner personnel. 

 
C. In the event of accidental shutdown of Owner equipment, the Design/Builder shall notify 

Owner personnel immediately to allow for an orderly restart of affected equipment. 
 
D. Maintaining the operation of these facilities during the duration of the construction period is 

essential and required.  The Design/Builder shall furnish and install temporary equipment as 
required to maintain existing facility operations.   

 
1.13 MATERIALS HANDLING 
 

A. Materials arriving on the job site shall be stored in such a manner as to keep material free of 
rust and dirt and so as to keep material properly aligned and true to shape.  Rusty, dirty, or 
misaligned material will be rejected.  Electrical conduit shall be stored to provide protection 
from the weather and accidental damage.  Rigid non-metallic conduit shall be stored on 
even supports and in locations not subject to direct sun rays or excessive heat. Cables shall 
be sealed, stored, and handled carefully to avoid damage to the outer covering or insulation 
and damage from moisture and weather.  Adequate protection shall be required at all times 
for electrical equipment and accessories until installed and accepted. Materials damaged 
during shipment, storage, installation, or testing shall be replaced or repaired in a manner 
meeting with the approval of the Engineer.  If space heaters are provided in a piece of 
electrical equipment, they shall be temporarily connected to a power source during storage.  
The Design/Builder shall store equipment and materials in accordance with the General 
Requirements. 

 
1.14 WARRANTIES 
 

A. Unless otherwise specified in an individual specification section, all equipment and electrical 
construction materials furnished and installed under Division 16 shall be provided with a 
warranty in accordance with the requirements of Section 11000, Equipment General 
Provisions and the General Conditions.  

 
1.15 TRAINING 
 

A. Unless otherwise specified in an individual specification section, all training for equipment 
furnished and installed under Division 16 shall be provided in accordance with the 
requirements of Section 11000, Equipment General Provisions. 
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PART 2 -- PRODUCTS 
 
2.01 PRODUCT REQUIREMENTS 
 

A. Unless otherwise indicated, the materials to be provided under this Specification shall be the 
products of manufacturers regularly engaged in the production of all such items and shall be 
the manufacturer's latest design.  The products shall conform to the applicable standards of 
UL and NEMA, unless specified otherwise.  International Electrotechnical Commission (IEC) 
standards are not recognized.  Equipment designed, manufactured, and labeled in 
compliance with IEC standards or dual rated is not acceptable. 

 
B. All items of the same type or ratings shall be identical.  This shall be further understood to 

include products with the accessories indicated. 
 

C. All equipment and materials shall be new, unless indicated or specified otherwise. 
 

D. The Design/Builder shall submit proof if requested by the Engineer that the materials, 
appliances, equipment, or devices that are provided under this Contract meet the 
requirements of Underwriters Laboratories, Inc., in regard to fire and casualty hazards.  The 
label of or listing by the Underwriters Laboratories, Inc., will be accepted as conforming to 
this requirement. 

 
2.02 SUBSTITUTIONS 
 

A. Unless specifically noted otherwise, any reference in the Specifications or on the Drawings 
to any article, service, product, material, fixture, or item of equipment by name, make, or 
catalog number shall be interpreted as establishing the type, function, and standard of 
quality and shall not be construed as limiting competition.  The Design/Builder, in such cases 
may, at his option use any article, device, product, material, fixture, or item of equipment 
which in the judgment of the Engineer, expressed in writing, is equal to that specified. 

 
2.03 CONCRETE 
 

A. The Design/Builder shall furnish all concrete required for the installation of all electrical work, 
Concrete shall be Class A2 unless otherwise specified.  Concrete for electrical ductbanks 
may be Class B.  Concrete and reinforcing steel shall meet the appropriate requirements of 
Division 3 of the Specifications. 

 
B. The Design/Builder shall provide concrete equipment pads for all free standing electrical 

apparatus and equipment located on new or existing floors or slabs. The Design/Builder 
shall provide all necessary anchor bolts, channel iron sills, and other materials as required.  
The exact location and dimensions shall be coordinated for each piece of equipment well in 
advance of the scheduled placing of these pads.  Equipment pads shall be 4 inches high 
unless otherwise indicated on the Drawings and shall conform to standard detail for 
equipment pads shown on the Contract Drawings.  Equipment pads shall not have less than 
2” and not more than 3” excess concrete beyond the edges of the equipment. 

 
C. The Design/Builder shall provide concrete foundations for all free standing electrical 

apparatus and equipment located outdoors or where floors or slabs do not exist and/or are 
not or provided by others under this Contract.  The Design/Builder shall provide all 
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necessary anchor bolts, channel iron sills, and other materials as required.  The location and 
dimensions shall be coordinated for each piece of equipment well in advance of the 
scheduled placing of the foundations.  Equipment foundations shall be constructed as 
detailed on the Drawings or if not detailed on the Drawings shall be 6 inches thick minimum 
reinforced with #4 bars at 12-inch centers each way placed mid-depth.  Concrete shall 
extend 6 inches minimum beyond the extreme of the equipment base and be placed on a 
compacted stone bed (#57 stone or ABC) 6 inches thick minimum. 

 
2.04 RUBBER INSULATING MATTING 
 

A. Rubber insulating matting shall be furnished and installed on the floor and in front of each 
piece of electrical equipment that is located indoors and installed under this Contract.  
Rubber insulating matting shall not be installed outdoors.  The mat shall be long enough to 
cover the full length of the equipment.  The mat shall be 1/4 inch thick with beveled edges, 
canvas back, solid type with corrugations running the entire length of the mat.  The matting 
shall meet OSHA requirements and the requirements of ASTM D-178 for Type 2, Class 2 
insulating matting.  Matting shall be 36 inches wide, minimum.  However, matting width shall 
be no less than the NEC working clearance for the equipment with which it is associated.   

 
B. Matting shall be provided for the following equipment: 
 

• DCU Enclosure 

• Network Cabinet 

• Motor Control Center 

• Variable Frequency Drives 

• Panelboards (In Electrical Room and Mechanical Room Only) 

• Fire Alarm Control Panels  
 
 
PART 3 -- EXECUTION 
 
3.01 CUTTING AND PATCHING 
 

A. Coordination 
 

1. The Work shall be coordinated between all trades to avoid delays and unnecessary 
cutting, channeling and drilling.  Sleeves shall be placed in concrete for passage of 
conduit wherever possible. 

 
B. Damage 

 
1. The Design/Builder shall perform all chasing, channeling, drilling and patching 

necessary to the proper execution of his Contract.  Any damage to the building, 
structure, or any equipment shall be repaired by qualified mechanics of the trades 
involved at the Design/Builder's expense.  If, in the Owner's judgment, the repair of 
damaged equipment would not be satisfactory, then the Design/Builder shall replace 
damaged equipment at his own expense. 

 
C. Existing Equipment 
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1. Provide a suitable cover or plug for openings created in existing equipment as the 
result of work under this Contract.  For example, provide round plugs in equipment 
enclosures where the removal of a conduit creates a hole and the enclosure.  
Covers and plugs shall maintain the NEMA rating of the equipment enclosure.  
Covers and plugs shall be watertight when installed in equipment located outdoors. 

 
3.02 EXCAVATION AND BACKFILLING 
 

A. The Design/Builder shall perform all excavation and backfill required for the installation of all 
electrical work.  All excavation and backfilling shall be in complete accordance with the 
applicable requirements of Division 2. 

 
3.03 CORROSION PROTECTION 
 

A. Wherever dissimilar metals, except conduit and conduit fittings, come into contact, the 
Design/Builder shall isolate these metals as required with neoprene washers, nine (9) mil 
polyethylene tape, or gaskets. 

 
 
 

- END OF SECTION - 
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SECTION 16100 
 

MAJOR EQUIPMENT PACKAGE ELECTRICAL REQUIREMENTS 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Manufacturer shall furnish all labor, materials, tools, and equipment, and perform all 
work and services necessary for, or incidental, to the furnishing and installation of all 
electrical work related to the equipment skids as specified in accordance with the provisions 
of the specifications.  Although such work is not specifically shown or specified, all 
supplementary or miscellaneous items, appurtenances, and devices incidental to or 
necessary for a sound, secure, and complete installation shall be furnished and installed as 
part of this work.  The Manufacturer shall obtain approved Shop Drawings showing wiring 
diagrams, connection diagrams, and hook up details for all equipment and comply therewith. 
All electrical work shall be complete and left in operating condition in accordance with the 
intent of the Specifications for the electrical work. 

 
B. All electrical material and equipment must be the product of an established, reputable, and 

approved manufacturer; must be new and of first class construction; must be designed and 
guaranteed to perform the service required; and must bear the label of approval of the 
Underwriters Laboratories, Inc., where such approval is available for the product of the listed 
manufacturer as approved by the Engineer. 

 
C. When a specified or indicated item has been superseded or is no longer available, the 

manufacturer's latest equivalent type or model of material or equipment as approved by the 
Engineer shall be furnished and installed at no additional cost to the Owner. 

 
D. All switches and receptacles shall be furnished and installed in outlet boxes.   

 
E. The Manufacturer shall furnish and install structural supports, stands, racks, brackets, and 

similar equipment for mounting and installing all conduit, electrical equipment, 
instrumentation, and communications equipment included in the equipment skid. 
 

F. Electrical control and relay systems shall be assembled using NEMA rated components.  
Components designed and built to International Electrotechnical Commission (IEC) 
standards, including dual rated equipment, are not recognized.  Equipment designed, 
manufactured and labeled in compliance with IEC standards is not acceptable. 

 
1.02 SUBMITTALS 
 

A. In accordance with the procedures and requirements set forth in the General Requirements 
and the requirements of the individual specification sections, the Manufacturer shall obtain 
from the equipment manufacturer and submit the following with each major equipment 
submittal: 

 
1. Shop Drawings 

 
2. Spare Parts List 
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3. Manufacturer’s Representative’s Certification. 
 

B. Submittals shall be sufficiently complete in detail to enable the Engineer to determine 
compliance with Contract requirements.   

 
C. Submittals will be approved only to the extent of the information shown.  Approval of an item 

of equipment shall not be construed to mean approval for components of that item for which 
the Manufacturer has provided no information. 

 
1.03 APPLICABLE CODES AND REQUIREMENTS 
 

A. Conformance 
 

1. All work, equipment and materials furnished shall conform with the existing rules, 
requirements and specifications of the following: 

 
a. Insurance Rating Organization having jurisdiction 

b. The currently adopted edition of the National Electrical Code (NEC) 

c. The National Electric Manufacturers Association (NEMA) 

d. The Institute of Electrical and Electronic Engineers (IEEE) 

e. The Insulated Cable Engineers Association (ICEA) 

f. The American Society of Testing Materials (ASTM) 

g. The American National Standards Institute (ANSI) 

h. The requirements of the Occupational Safety Hazards Act (OSHA) 

i. The National Electrical Contractors Association (NECA) Standard of 
Installation 

j. National Fire Protection Association (NFPA) 

k. International Electrical Testing Association (NETA) 

l. All other applicable Federal, State and local laws and/or ordinances. 
 

2. All material and equipment shall bear the inspection labels of Underwriters 
Laboratories, Inc., if the material and equipment is of the class inspected by said 
laboratories. 

 
B. Nonconformance 

 
1. Any paragraph of requirements in these Specifications, equipment specifications, 

deviating from the rules, requirements and Specifications of the above organizations 
shall be invalid and their (the above organizations) requirements shall hold 
precedent thereto.  The Manufacturer shall be held responsible for adherence to all 
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rules, requirements and specifications as set forth above.  Ignorance of any rule, 
requirement, or Specification shall not be allowed as an excuse for nonconformity.  
Acceptance by the Engineer does not relieve the Manufacturer from the expense 
involved for the correction of any errors which may exist in the specifications 
submitted or in the satisfactory operation of any equipment. 

 
C. Conduits and conduit fittings shall be designed, manufactured, and/or listed to the following 

standards as applicable: 
 

1. American National Standards Institute (ANSI)  
 

a. ANSI B1.20.1 – Pipe Threads, General Purpose 

b. ANSI C80.1 – Electrical Rigid Steel Conduit 

c. ANSI C80.5 – Electrical Rigid Aluminum Conduit 

 
2. Underwriters Laboratories (UL) 

 
a. UL 6 - Electrical Rigid Metal Conduit-Steel 

b. UL 6A - Electrical Rigid Metal Conduit-Aluminum, Red Brass, and Stainless 

Steel 

c. UL 360 – Standard for Liquid-tight Flexible Metal Conduit 

d. UL 467 – Grounding and Bonding Equipment 

e. UL 514B – Conduit, Tubing, and Cable Fittings 

 
3. National Electrical Manufacturer’s Association (NEMA) 

 

a. NEMA RN 1 – PVC Externally Coated Galvanized Rigid Steel Conduit 

b. NEMA TC-3 – PVC Fittings for Use with Rigid PVC Conduit and Tubing 

 
D. Boxes shall be designed, manufactured, and/or listed to the following standards as 

applicable: 
 

1. UL 514A - Metallic Outlet Boxes 
 

2. UL 514C - Standard for Non-metallic Outlet Boxes, Flush Device Boxes, and Covers 
 

3. UL 50 – Enclosures for Electrical Equipment, Non-environmental Considerations 
 

4. UL 50E - Enclosures for Electrical Equipment, Environmental Considerations 
 

5. UL 1203 – Standard for Explosion-proof and Dust-ignition-proof Electrical Equipment 
for use in Hazardous (Classified) Locations. 

 
6. NEMA 250 – Enclosures for Electrical Equipment 

 
E. Wiring devices shall be designed, manufactured, and/or listed to the following standards as 

applicable: 
 

1. UL 20 – General Use Snap Switches 
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2. UL 498 – Standard for Attachment Plugs and Receptacles 
 

3. UL 943 – Ground Fault Circuit Interrupters 
 

F. Grounding and Bonding equipment shall be designed, manufactured, and/or listed to the 
following standards as applicable: 

 
1. UL 467 – Grounding and Bonding Equipment 

 
2. IEEE 81 – Guide for Measuring Earth Resistivity, Ground Impedance, and Earth 

Surface Potentials of a Ground System. 
 

G. Disconnect switches shall be designed, manufactured, and/or listed to the following 
standards as applicable: 

 
1. UL 98 – Enclosed and Dead-Front Switches 

 
2. NEMA 250 – Enclosures for Electrical Equipment 

 
3. NEMA KS 1 – Heavy Duty Enclosed and Dead-Front Switches 

 
H. Enclosed circuit breakers shall comply with the following codes and standards: 

 
1. UL 489 - Molded Case Circuit Breakers, Molded Case Switches, and Circuit Breaker 

Enclosure. 
 

2. NEMA 250 – Enclosures for Electrical Equipment 
 

I. Individual motor controllers shall be designed, manufactured, and/or listed to the following 
standards as applicable: 

 
1. UL 508 – Standard for Industrial Control Panels 

 
2. NEMA 250 – Enclosures for Electrical Equipment 

 
J. Electrical control and relays products specified herein shall be in conformance with or listed 

to the following standards as applicable: 
 

1. NEMA 250 – Enclosures for Electrical Equipment 
 

2. UL 508A – Standard for Industrial Control Panels 
 
1.04 PROTECTIVE DEVICE SETTING AND TESTING 
 

A. The Manufacturer shall provide the services of a field services organization to adjust, set, 
calibrate and test all protective devices in the equipment.  The organization shall be a 
subsidiary of or have a franchise service agreement with the electrical equipment 
manufacturer.  The qualifications of the organization and resumes of the technicians as well 
as all data forms to be used for the field testing shall be submitted. 
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B. All protective devices in the electrical equipment shall be set, adjusted, calibrated and tested 
in accordance with the manufacturers’ recommendations, the coordination study, and best 
industry practice. 

 
1.05 DEFINITIONS 

 
A. Conduits are categorized by the circuit type of the wiring to be installed inside.  Conduits are 

defined as follows: 

 
1. Power Conduits – Conduits that carry AC or DC power wiring from a source to a 

load.  Conduits that carry lighting and receptacle wiring. 

 
2. Control Conduits – Conduits that carry AC or DC discrete control wiring between 

devices and/or equipment.  Conduits that carry fiber optic cables between devices 

and/or equipment. 

 
3. Instrumentation Conduits – Conduits that carry AC or DC analog signal wiring 

between devices and/or equipment. 

 
B. Conduit categories are defined as follows: 

 
1. P – Power Conduit 

 
2. C – Control Conduit 

 
3. I – Instrumentation Conduit 

 
PART 2 -- PRODUCTS 
 
2.01 PRODUCT REQUIREMENTS 
 

A. Unless otherwise indicated, the materials to be provided under this Specification shall be the 
products of manufacturers regularly engaged in the production of all such items and shall be 
the manufacturer's latest design.  The products shall conform to the applicable standards of 
UL and NEMA, unless specified otherwise.  International Electrotechnical Commission (IEC) 
standards are not recognized.  Equipment designed, manufactured, and labeled in 
compliance with IEC standards is not acceptable. 

 
B. All items of the same type or ratings shall be identical.  This shall be further understood to 

include products with the accessories indicated. 
 

C. All equipment and materials shall be new, unless indicated or specified otherwise. 
 

D. The Manufacturer shall submit proof if requested by the Engineer that the materials, 
appliances, equipment, or devices that are provided under this Contract meet the 
requirements of Underwriters Laboratories, Inc., in regard to fire and casualty hazards.  The 
label of or listing by the Underwriters Laboratories, Inc., will be accepted as conforming to 
this requirement. 
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E. Area designations are indicated within each equipment specification (i.e. wet process area, 
dry process area, etc).  

 
2.02 SUBSTITUTIONS 
 

A. Unless specifically noted otherwise, any reference in the Specifications to any article, 
service, product, material, fixture, or item of equipment by name, make, or catalog number 
shall be interpreted as establishing the type, function, and standard of quality and shall not 
be construed as limiting competition.  The Manufacturer, in such cases may, at his option 
use any article, device, product, material, fixture, or item of equipment which in the judgment 
of the Engineer, expressed in writing, is equal to that specified. 

 
2.03 MANUFACTURERS 
 

A. The equipment covered by these Specifications is intended to be standard equipment of 
proven performance as manufactured by reputable concerns.  Equipment shall be designed, 
constructed and installed in accordance with the best practices of the trade, and shall 
operate satisfactorily when installed. 

 
B. The Manufacturer shall use the products of a single manufacturer for each type of wiring 

device. 
 

C. The Manufacturer shall use the products of a single manufacturer for all device plates.  Plate 
variations are allowed for the following devices: 

 
1. Where the selected plate manufacturer does not manufacture a suitable finish plate. 

 
2. For heavy-duty receptacles rated at more than 30A. 

 
3. Where non-standard plates are required, specified, or shown. 

 
D. The Manufacturer shall furnish and install all wiring devices and device plates. 

 
E. In non-hazardous areas, provide specification grade devices manufactured by Crouse-

Hinds, Hubbell, Pass & Seymour, or Engineer approved equal. 
 

F. In hazardous areas, provide devices manufactured by Cooper Crouse-Hinds, Hubbell-
Killark, or Engineer approved equal. 

 
2.04 CONDUIT 
 

A. General 
 

1. Conduit and conduit fitting products are specified in the text that follows this article.  

Reference Part 3 herein for the application, uses and installation requirements of 

these conduits and conduit fittings. 

 

2. All metallic conduit fittings shall be UL 514B and UL 467 Listed, and constructed in 

accordance with ANSI FB 1.  All non-metallic fittings shall be UL 651 Listed and 

constructed in accordance with NEMA TC-3. 
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3. Where threading is specified herein for conduit fitting connections, the fittings shall 

be manufactured to accept conduit that is threaded to ANSI B1.20.1 requirements. 

 

4. Conduit expansion fittings for all conduit materials of construction shall be capable of 

4 inches of movement along the axis of the conduit for trade sizes 2 inches or less.  

Expansion fittings shall be capable of 8 inches of movement along the axis of the 

conduit for trade sizes greater than 2 inches.   

 

5. Conduit deflection fittings for all conduit materials of construction shall be provided 

with a flexible neoprene outer jacket that permits up to ¾ inch of 

expansion/contraction along the axis of the conduit as well as up to ¾ inch of parallel 

misalignment between the conduit axes.  Outer jacket shall be secured to the conduit 

hubs by stainless steel clamps.   

 

6. Conduit seals shall either be Listed and labeled for 40% fill, or conduit reducing 

fittings and a trade size larger conduit seal shall be provided to achieve 25% or less 

fill within the seal.  Percentage fill calculation shall be based on the conductors to be 

installed. Conduit seals shall be provided with breathers and/or drains where 

required by the NEC. 

 

7. Conduit insulating bushings shall be constructed of plastic and shall have internal 

threading. 

 

8. Additional conduit and conduit fitting requirements are specified in the articles that 

follow based on the specific conduit material of construction to be used. 

 
B. Rigid Galvanized Steel (RGS) Conduit and Associated Fittings 

 
1. Conduit 

 
a. Conduit shall be hot dip galvanized on the inside and outside, and made of 

heavy wall high strength ductile steel.  Conduit shall be manufactured in 
accordance with ANSI C80.1, and shall be UL 6 Listed.   

 
b. Conduit shall be provided with factory-cut ¾” per foot tapered threads at 

each end in accordance with ANSI B1.20.1.  Threads shall be cut prior to 
galvanizing to ensure corrosion protection adequately protects the threads.  
Conduit shall be provided with a matching coupling on one end and a color-
coded thread protector on the other. 

 
2. Conduit Bodies for use with Rigid Galvanized Steel 

 
a. Conduit bodies shall be constructed of an electro-galvanized malleable iron 

alloy which is coated with an acrylic paint finish. Conduit bodies shall have 
integral threaded conduit hubs. 

 
b. Conduit bodies for shall be provided with covers that are affixed in place by 

stainless steel screws which thread directly into the conduit body.  Covers 
that utilize wedge nuts or any other method of attachment to the conduit body 
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are not acceptable.  Covers shall be constructed of an electro-galvanized 
malleable iron alloy which is coated with an acrylic paint finish. Covers shall 
be provided with matching gasket. 

 
3. Conduit Couplings, Nipples, and Unions for use with Rigid Galvanized Steel 

 
a. Couplings and nipples shall be threaded and shall be constructed of hot 

dipped galvanized steel.  Split-type couplings that use compression to 
connect conduits are not acceptable. 

 
b. Unions shall be threaded, rain-tight, and constructed of an electro-galvanized 

malleable iron alloy which is coated with an acrylic paint finish. 
 

4. Conduit Expansion and Deflection Fittings for use with Rigid Galvanized Steel 

 
a. Conduit expansion fittings and conduit deflection fittings shall be constructed 

of an electro-galvanized malleable iron alloy which is coated with an acrylic 
paint finish.  Expansion and deflection fittings shall have threaded conduit 
connections. 

 
b. Expansion fittings shall have an integral bonding jumper and deflection 

fittings shall have an external bonding jumper. 
 

5. Conduit Seals for use with Rigid Galvanized Steel 

 
a. Conduit seals shall be constructed of an electro-galvanized malleable iron 

alloy which is coated with an acrylic paint finish.  Conduit seals shall have 
threaded conduit connections. 

 
6. Conduit Termination Fittings for use with Rigid Galvanized Steel 

a. Conduit hubs shall be constructed of stainless steel and shall have threaded 
connections to the conduit and enclosure.  Hubs shall have a plastic 
insulated throat and shall be watertight when assembled to an enclosure. 

 
b. Conduit locknuts shall be constructed of zinc plated steel.  Locknuts shall 

have internal threading.  Locknuts with integral gasket or seal are not 
acceptable.  Locknuts shall have integral bonding screw where required for 
proper bonding. 

 
c. Conduit bonding bushings shall be constructed of zinc plated malleable iron. 

Bonding bushings shall have a threaded conduit connection.  Bonding 
bushing shall be provided with properly sized set screw for connecting 
bonding conductor and an integral plastic insulator rated for 150 degrees C 
located in the throat. 

 
C. PVC Coated Rigid Galvanized Steel Conduit and Associated Fittings 

 
1. General 
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a. Where an external coating of polyvinyl chloride (PVC) is specified for conduit 
and fittings, the coating shall be 40 mil (minimum) thickness.  Where an 
internal coating of urethane is specified for conduit and fittings, the coating 
shall be 2 mil (minimum) thickness. 

 
b. All conduit fittings shall have a sealing sleeve constructed of PVC which 

covers all connections to conduit.  Sleeves shall be appropriately sized so 
that no conduit threads will be exposed after assembly. 

 
c. PVC Coated conduit shall be Robroy, Ocal, Perma-Cote, Gafco Green, or 

approved equal. 
 

2. Conduit 

 
a. Conduit shall be hot dip galvanized on the inside and outside, and made of 

heavy wall high strength ductile steel.  Conduit shall be manufactured in 
accordance with ANSI C80.1, and shall be UL 6 Listed. 

 
b. Conduit shall be provided with factory-cut ¾” per foot tapered threads at 

each end in accordance with ANSI B1.20.1.  Threads shall be cut prior to 
galvanizing to ensure corrosion protection adequately protects the threads.  
Conduit shall be provided with a matching coupling on one end and a color-
coded thread protector on the other. 

 
c. Conduit shall be coated on the exterior with a PVC jacket and coated on the 

interior with a layer of urethane.  Conduit shall be manufactured in 
accordance with NEMA RN-1. 

 
3. Conduit Bodies for use with PVC Coated Rigid Galvanized Steel Conduit 

 
a. Conduit bodies shall be constructed of an electro-galvanized malleable iron 

alloy which is coated on the exterior with a PVC jacket and coated on the 
interior with a layer of urethane. Conduit bodies shall have integral threaded 
conduit hubs. 

 
b. Conduit bodies shall be constructed of an electro-galvanized malleable iron 

alloy which is coated on the exterior with a PVC jacket and coated on the 
interior with a layer of urethane.  Covers shall be affixed in place by stainless 
steel screws which thread directly into the conduit body and have a plastic 
encapsulated head.  Covers that utilize wedge nuts or any other method of 
attachment to the conduit body are not acceptable.  Covers shall be provided 
with matching gasket. 

 
4. Conduit Couplings, Nipples, and Unions for use with PVC Coated Rigid Galvanized 

Steel Conduit 

a. Couplings and nipples shall be threaded and shall be constructed of hot 
dipped galvanized steel which is coated on the exterior with a PVC jacket 
and coated on the interior with a layer of urethane.  Split-type couplings that 
use compression to connect conduits are not acceptable. 
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b. Unions shall be threaded, rain-tight, and constructed of an electro-galvanized 
malleable iron alloy which is coated on the exterior with a PVC jacket and 
coated on the interior with a layer of urethane. 

 
5. Conduit Expansion and Deflection Fittings for use with PVC Coated Rigid 

Galvanized Steel Conduit 

 
a. Conduit expansion fittings and conduit deflection fittings shall be constructed 

of an electro-galvanized malleable iron alloy which is coated on the exterior 
with a PVC jacket and coated on the interior with a layer of urethane.  
Expansion and deflection fittings shall have threaded conduit connections.   

 
b. Expansion fittings shall have an integral bonding jumper and deflection 

fittings shall have an external bonding jumper. 
 

6. Conduit Seals for use with PVC Coated Rigid Galvanized Steel Conduit 

 
a. Conduit seals shall be constructed of an electro-galvanized malleable iron 

alloy which is coated on the exterior with a PVC jacket and coated on the 
interior with a layer of urethane.  Conduit seals shall have threaded conduit 
connections.  

 
7. Conduit Termination Fittings for use with PVC Coated Rigid Galvanized Steel 

Conduit 

a. Conduit hubs shall be constructed of an electro-galvanized malleable iron 
alloy which is coated on the exterior with a PVC jacket and coated on the 
interior with a layer of urethane.  Hubs shall have threaded connections to 
the conduit and enclosure.  Hubs shall have a plastic insulated throat and 
shall be watertight when assembled to an enclosure. 

 
b. Conduit bonding bushings shall be constructed of zinc plated malleable iron 

which is coated on the exterior with a PVC jacket and coated on the interior 
with a layer of urethane.  Bonding bushings shall have a threaded conduit 
connection.  Bonding bushing shall be provided with properly sized set screw 
for connecting bonding conductor and an integral plastic insulator rated for 
150 degrees C located in the throat.   

 
D. Rigid Aluminum Conduit and Associated Fittings 
 

1. Conduit 

 
a. Conduit shall be made of heavy wall high strength 6063 alloy aluminum with 

temper designation T1.  Conduit shall be manufactured in accordance with 
ANSI C80.5, and shall be UL 6A Listed. 
 

b. Conduit shall be provided with factory-cut ¾” per foot tapered threads at 
each end in accordance with ANSI B1.20.1.  Threads shall be cut prior to 
galvanizing to ensure corrosion protection adequately protects the threads.  
Conduit shall be provided with a matching coupling on one end and a color-
coded thread protector on the other. 
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2. Conduit Bodies for use with Rigid Aluminum Conduit 

 
a. Conduit bodies shall be constructed of copper-free aluminum which is coated 

with an aluminum enamel finish. Conduit bodies shall have integral threaded 
conduit hubs. 
 

b. Conduit bodies shall be provided with stamped copper-free aluminum covers 
that are affixed in place by stainless steel screws which thread directly into 
the conduit body.  Covers that utilize wedge nuts or any other method of 
attachment to the conduit body are not acceptable.  Covers shall be provided 
with matching gasket. 

 
3. Conduit Couplings, Nipples, and Unions for use with Rigid Aluminum Conduit 

 
a. Couplings and nipples shall be threaded and shall be constructed of heavy 

wall high strength 6063 alloy aluminum with temper designation T1.  Split-
type couplings that use compression to connect conduits are not acceptable. 
 

b. Unions shall be threaded, rain-tight, and constructed of copper-free 
aluminum which is coated with an aluminum enamel finish. 

 
4. Conduit Expansion and Deflection Fittings for use with Rigid Aluminum Conduit 

 
a. Conduit expansion fittings and conduit deflection fittings shall be constructed 

of copper-free aluminum which is coated with an aluminum enamel finish.  
Expansion and deflection fittings shall have threaded conduit connections.   
 

b. Expansion fittings shall have an integral bonding jumper and deflection 
fittings shall have an external bonding jumper. 

 
5. Conduit Seals for use with Rigid Aluminum Conduit 

 
a. Conduit seals shall be constructed of copper-free aluminum which is coated 

with an aluminum enamel finish.  Conduit seals shall have threaded conduit 
connections.  

 
6. Conduit Termination Fittings for use with Rigid Aluminum Conduit 

 
a. Conduit hubs shall be constructed of copper-free aluminum and shall have 

threaded connections to the conduit and enclosure.  Hubs shall have a 
plastic insulated throat and shall be watertight when assembled to an 
enclosure. 
 

b. Conduit locknuts shall be constructed of copper-free aluminum.  Locknuts 
shall have internal threading.  Locknuts with integral gasket or seal are not 
acceptable.  Locknuts shall have integral bonding screw where required for 
proper bonding. 
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c. Conduit bonding bushings shall be constructed of copper-free aluminum.  
Bonding bushings shall have a threaded conduit connection.  Bonding 
bushing shall be provided with properly sized set screw for connecting 
bonding conductor and an integral plastic insulator rated for 150 degrees C 
located in the throat.   

 
E. Liquid Tight Flexible Metal Conduit (LFMC) and Associated Fittings 

 
1. Conduit 

 
a. Conduit shall be manufactured using a single strip of hot dip galvanized high 

strength steel alloy, helically formed into a continuously interlocked flexible 
metal conduit.  Trade size 1-1/4” and smaller conduits shall be provided with 
an integrally woven copper bonding strip. 

 
b. Conduit shall be covered with an outside PVC jacket that is UV resistant, 

moisture-proof, and oil-proof.  Conduit shall be UL 360 Listed. 
 

2. Conduit Termination Fittings for use with LFMC 

 
a. Conduit termination fittings shall be constructed of either 304 stainless steel 

or an electro-galvanized malleable iron alloy which is coated on the exterior 
with a 40 mil (minimum) PVC jacket and coated on the interior with a 2 mil 
(minimum) layer of urethane.  PVC coated fittings shall have a sealing sleeve 
constructed of PVC which covers the connection to conduit. 

 
b. Termination fittings shall have a threaded end with matching locknut and 

sealing ring for termination to equipment, and shall have an integral external 
bonding lug where required for proper bonding.  Termination fittings shall 
have a plastic insulated throat and shall be watertight when assembled to the 
conduit and equipment. 

 
F. Conduit Bends 

 
1. Rigid conduit bends, both factory fabricated and field fabricated, shall meet the same 

requirements listed in the articles above for the respective conduit type and material 

of construction. 

 

2. Conduit bend radii for standard radius bends shall be no less than as follows: 

TRADE SIZE ¾” 1” 1 ¼” 1 ½” 2” 2 ½” 3” 3 ½” 4” 5” 6” 

MIN. RADIUS 4 ½” 5 ¾” 7 ¼” 8 ¼” 9 ½” 10 ½” 13” 15” 16” 24” 30” 

 
3. Conduit bend radii for long radius bends shall be no less than as follows: 

TRADE SIZE ¾” 1” 1 ¼” 1 ½” 2” 2 ½” 3” 3 ½” 4” 5” 6” 

MIN. RADIUS N/A 12” 18” 24” 30” 30” 36” 36” 48” 48” 60” 

 
G. Miscellaneous 

 
1. Galvanizing Compounds 



 
Sustainable Water Phase 3 –Major Equip. Package Gen. Electrical Requirements – REV 0 
Demonstration Facility 16100-13 IFC January 2017 

3
1

2
7

4
-0

0
0

 

 
a. Galvanizing compounds for field application shall be the cold-applied type, 

containing no less than 93% pure zinc.   
 
2.05 LOW VOLTAGE WIRE AND CABLE 
 

A. Manufacturers 
 

1. The wire and cable to be furnished and installed for this project shall be the product 
of manufacturers who have been in the business of manufacturing wire and cable for 
a minimum of ten (10) years.  Wire and cable shall be designed, constructed and 
installed in accordance with the best practices of the trade, and shall operate 
satisfactorily when installed as specified herein.  Only one (1) manufacturer for each 
wire and cable type shall be permitted. 

 
2. The wire and cable manufacturer shall be ISO 9000 registered. 

 
B. Power Wire and Cable 

 
1. Power cable and wire installed between the output terminals of a VFD and the 

respective motor shall consist of stranded copper conductor with insulation type 
XHHW/XHHW-2, rated 90°C and 600V. 

 
2. Power cable and wire for all other loads shall consist of stranded, copper conductor 

with insulation type THHN, 90°C for dry locations and THWN, 75°C for wet locations. 
 

3. Conductors shall be stranded copper per ASTM-B8 and B-3, and Class B or C 
stranding contingent on the size unless otherwise specified.  Minimum size wire shall 
be No. 12 AWG. 

 
4. Multi-conductor power cable assemblies shall be UL 1277 Listed, provided with a 

bonding conductor, and furnished with an overall PVC jacket. 
 

5. Power wire and cable shall be as manufactured by the Okonite Company, the 
Southwire Company, General Cable, or equal. 

 
C. Control Cable 

 
1. 600 volt control cable shall consist of stranded, copper conductor with insulation type 

THHN, 90°C for dry locations and THWN, 75°C for wet locations, and 600V.   
 

2. Conductors shall be stranded copper per ASTM B-8 and B-3, and Class B or C 
stranding contingent on the size unless otherwise specified.  Minimum wire size shall 
be No. 14 AWG. 

 
3. Multi-conductor control cable assemblies shall be UL 1277 Listed, provided with a 

bonding conductor, and furnished with an overall PVC jacket. 
 

4. Control cable shall be as manufactured by the Okonite Company, the Southwire 
Company, General Cable, or equal. 
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D. Lighting and Receptacle Wire  
 

1. The lighting and receptacle branch circuit wire shall consist of solid, copper 
conductors with insulation type THHN, 90°C for dry locations and THWN, 75°C for 
wet locations. 

 
2. Conductors shall be solid copper per ASTM- B-3.  Minimum size wire shall be No. 12 

AWG. 
 

3. Lighting and receptacle wire shall be as manufactured by the Okonite Company, the 
Southwire Company, General Cable, or equal. 

 
E. Instrumentation Cable 

 
1. The instrumentation cable for analog signals shall be single, shielded, twisted pairs 

or triads with 600 volt insulation and shall have a 75°C (minimum) insulation rating. 
 

2. Conductors shall be tin or alloy coated (if available), soft, annealed copper, stranded 
per ASTM-B8, Class B stranding unless otherwise specified.  Minimum size wire 
shall be No. 16 AWG. 

 
3. The instrumentation cable shall be Okoseal-N Type P-OS for single pair or triad 

applications and Okoseal-N Type SP-OS for multiple pair or triad applications as 
manufactured by the Okonite Company, Belden equivalent, Southwire Company 
equivalent, or equal. 

 
F. Conductor Identification 

 
1. Conductors shall be identified using a color coding method.  Color coding for 

individual power, control, lighting, and receptacle conductors shall be as follows: 
 

a. 480/277V AC Power 
 

    Phase A - BROWN 
    Phase B - ORANGE 
    Phase C - YELLOW 
    Neutral – GREY 

 
b. 120/208V or 120/240V AC Power 

 
    Phase A - BLACK 
    Phase B - RED 
    Phase C - BLUE 
    Neutral - WHITE 

 
c. DC Power 

 
    Positive Lead - RED 
    Negative Lead - BLACK 

 
d. DC Control 
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    All wiring - BLUE 

 
e. 120VAC Control 

 
   120 VAC control wire shall be RED except for a wire entering a motor 

control center compartment or control panel which is an interlock.  This 
interlock conductor shall be color coded YELLOW. 

 
f. 24VAC Control 

 
    All wiring - RED 

 
g. Equipment Grounding Conductor 

 
    All wiring - GREEN 

 
2. Individual conductors No. 2 AWG and smaller shall have factory color coded 

insulation.  It is acceptable for individual conductors larger than No.2 AWG to be 
provided with factory color coded insulation as well, but it is not required.  Individual 
conductors larger than No.2 AWG that are not provided with factory color coded 
insulation shall be identified by the use of colored tape in accordance with the 
requirements listed in Part 3 herein.  Insulation colors and tape colors shall be in 
accordance with the color coding requirements listed above.  

 
3. Conductors that are a part of multi-conductor control cable assemblies shall have 

black insulation.  The conductor number shall be printed on each conductor’s 
insulation in accordance with ICEA S-58-679, Method 4.  Each conductor within the 
cable assembly shall also be identified with a heat shrink tag with color coded 
background in accordance with the requirements listed in Part 3 herein.  Background 
color shall be in accordance with the color coding requirements listed above. 

 
4. Conductors that are a part of multi-conductor power cable assemblies shall have 

black insulation.  The conductor number shall be printed on each conductor’s 
insulation in accordance with ICEA S-58-679, Method 4.  Each conductor No.2 AWG 
and smaller within the cable assembly shall also be identified with a heat shrink tag 
with color coded background.  Each conductor larger than No.2 AWG within the 
cable assembly shall also be identified by the use of colored tape.  Heat shrink tags 
and colored tape shall be in accordance with the requirements listed in Part 3 herein. 
 Tape color and heat shrink tag background color shall be in accordance with the 
color coding requirements listed above. 

 
2.06 PULL AND JUNCTION BOXES 
 

A. General 
 

1. All pull and junction boxes shall be UL listed and labeled. 
 

2. Pull and junction boxes shall not be provided with eccentric or concentric knockouts. 
 



 
Sustainable Water Phase 3 –Major Equip. Package Gen. Electrical Requirements – REV 0 
Demonstration Facility 16100-16 IFC January 2017 

3
1

2
7

4
-0

0
0

 

3. Where metallic boxes are used they shall be of all welded construction.  Tack 
welded boxes are not acceptable. 

 
B. Pull Boxes 

 
1. All pull boxes shall be provided with a matching gasketed cover.  For covers with 

dimensions of 6 inches by 6 inches or less, the cover shall be held in place by 
machine screws.  Other screw types are not acceptable.  For covers with dimensions 
greater than 6 inches by 6 inches, the cover shall be hinged and held in place by 
screw-operated clamp mechanisms.  Hinge pins shall be removable.  Clamp 
mechanism material of construction shall match that of the associated box. 

 
2. Pull boxes shall not have any wire terminations inside, other than those for 

grounding/bonding.  A ground bar shall be provided with the necessary number of 
screw type terminals.  Twenty (20) percent of the total amount of terminals otherwise 
required for the pull box (minimum of two) shall be provided as spare terminations. 
Boxes requiring any other wire terminations shall be furnished and installed in 
accordance with the requirements for junction boxes herein. 

 
3. Pull boxes shall be 6 inches wide by 6 inches tall by 4 inches deep, minimum.  For 

applications requiring larger boxes, the box shall be sized in accordance with the fill 
requirements and dimensional requirements of the NEC. 

 
4. Barriers shall be provided in pull boxes to isolate conductors of different voltages, 

types, and functions.  Barrier material of construction shall match that of the box.  
Isolation shall be provided between the following groups: 

 
a. Power wiring 
b. AC control wiring 
c. DC control wiring 
d. Instrumentation wiring 

 
C. Junction Boxes 

 
1. Junction boxes used for lighting and receptacle circuits only shall be provided with a 

matching gasketed cover held in place by machine screws.  Other screw types are 
not acceptable. 

 
2. Junction boxes for all uses other than lighting and receptacle circuits shall be 

provided with a hinged, gasketed cover.  Hinge pins shall be removable.  Cover shall 
be held in place by screw-operated clamp mechanisms.  Clamp mechanism material 
of construction shall match that of the associated box.   

 
3. Barriers shall be provided in junction boxes to isolate conductors and terminal blocks 

of different voltages, types, and functions.  Barrier material of construction shall 
match that of the box.  Isolation shall be provided between the following groups: 

 
a. Power wiring 
b. AC control wiring 
c. DC control wiring 
d. Instrumentation wiring 
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4. Junction boxes for all uses other than lighting and receptacle circuits shall be 

provided with terminal strips, consisting the necessary number of screw type 
terminals.  Current carrying parts of the terminal blocks shall be of ample capacity to 
carry the full load current of the circuits connected, with a 10A minimum capacity.  
Terminal strips shall be rated for the voltage of the circuits connected.  A separate 
ground bar shall be provided with the necessary number of screw type terminals.  
Twenty (20) percent of the total amount of terminals otherwise required for the 
junction box (minimum of two) shall be provided as spare terminations.  When 
barriers are provided within the box, separate terminal strips shall be provided in 
each barrier area.  Terminals shall be lettered and/or numbered to conform to the 
wiring labeling scheme in place on the project. 

 
5. Junction boxes shall be 6 inches wide by 6 inches tall by 4 inches deep, minimum.  

For applications requiring larger boxes, the box shall be sized in accordance with the 
fill requirements and dimensional requirements of the NEC.  Terminal blocks 
(including spare terminals) shall be considered when sizing the junction box. 

 
D. Enclosure Types and Materials 

 
1. Indoor dry process area pull and junction boxes shall be NEMA 12, Painted Steel. 

 
2. Indoor wet process area pull and junction boxes shall be NEMA 4X, Type 304 

Stainless Steel. 
 
2.07 WIRING DEVICES 
 

A. General 
 

1. Snap switches shall be rated for the current required to suit the application, but not 
less than 20A.  Double pole, three-way, and four-way switches shall be provided 
where required.  Switches shall be rated for 120-277VAC, and shall be UL 20 Listed. 

 
2. Convenience receptacles shall be rated for 20A at 125VAC.  Convenience 

receptacles shall be UL 498 Listed.  Tamper resistant receptacles are not 
acceptable. 

 
3. Ground fault circuit interrupter receptacles shall be rated for 20A at 125VAC.  

Ground fault circuit interrupter receptacles shall be UL 943 Listed.  Tamper resistant 
receptacles are not acceptable. 

 
4. All wiring devices shall be approved for use with stranded conductors.   

 
5. All terminals shall be compression type screw terminals.  Wire binding terminals are 

not acceptable. 
 

B. Device Plates 
 

1. Device plates for indoor dry process areas shall be made of Type 304 stainless 
steel, not less than 0.032 of an inch thick, with beveled edges and milled on the rear 
so as to lie flat against the wall.  Devices plates shall be provided with a gasket.    
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2. Device plates for indoor wet process areas shall be Appleton Type FSK, 

Crouse-Hinds #DS185, or equal for wall switches.   Device plates for receptacles 
shall be “in-use” style.   “In-use” weatherproof covers shall be rugged, minimum 3 ¼” 
depth, die-cast aluminum as manufactured by Thomas & Betts "Red Dot," Intermatic 
International, Inc., or equal. 

 
C. Plugs 

 
1. The Manufacturer shall furnish suitable plugs with equipment furnished under the 

respective specification section.  Plugs shall be black rubber or plastic.  For 
waterproof receptacles, the plugs shall be similar in construction to the receptacles 
and shall be encased in corrosion resistant yellow housing provided with clamping 
nuts and stuffing gland cable outlets. 

 
D. Process Instrument Disconnect Switches 

 
1. The Manufacturer shall furnish and install a local disconnect switch at each process 

instrument (e.g., level transmitter, flow transmitter, analytical instrument etc.,) to 
disconnect the 120VAC power supply to the instrument or provide lock-off devices at 
the circuit breaker serving the equipment.  The device shall be a NSSC series 
manual motor starting switch without overload protection as manufactured by 
Crouse-Hinds, Appleton equivalent, or equal.  

 
E. Outlet Boxes 

 
1. Outlet boxes shall be provided with a trim appropriate for the wiring device installed 

inside.  An appropriate outlet box trim is required to achieve the NEMA rating of the 
outlet boxes as specified herein.   

 
2. Indoor wet process area outlet boxes shall be NEMA 4, Cast Aluminum. 

 
3. Indoor dry process area outlet boxes shall be NEMA 1, Cast Aluminum. 

 
4. Outlet boxes shall be provided with integral threaded conduit hubs mounted external 

to the box.  Boxes with threaded conduit hubs mounted internal to the box or as a 
part of the box wall are not acceptable. 

 
2.08 GROUNDING AND BONDING 
 

A. Grounding connections to equipment shall be bolted. Cable end connections shall be made 
by hydraulic crimp or exothermically welded.  Split bolt type connectors are not acceptable.  
Fittings shall be UL 467 listed. 

 
B. Ground connections at panelboards, outlets, equipment, and apparatus shall be made in an 

approved and permanent manner. 
 
2.09 SUPPORTING DEVICES 
 

A. Support channel shall be 1-5/8” by 1-5/8” minimum, with 12 gage material thickness.   
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B. Indoor dry process area support channel, support channel fittings, and threaded rod shall be 
hot dipped galvanized steel.   

 
C. Indoor wet process area support channel, support channel fittings, and threaded rod shall be 

type 304 stainless steel.   
 

D. All fastening hardware (bolts, nuts, washers, and screws) shall be type 304 stainless steel. 
 
2.10 ELECTRICAL IDENTIFICATION 
 

A. The material covered by these Specifications is intended to be standard material of proven 
performance as manufactured by reputable concerns.  Material shall be fabricated, 
constructed, and installed in accordance with the best practices of the trade, and shall 
operate satisfactorily when installed as specified herein. 

 
B. Nameplates shall be engraved, high pressure plastic laminate, black with white lettering. 

 
C. Nameplates shall be attached to NEMA 4X enclosures utilizing UL-recognized mounting kits 

designed to maintain the overall UL Type rating of the enclosure.  Mounting kit fasteners 
shall be stainless steel Type AHK10324X as manufactured by Hoffman, or equal. 

 
D. Standard "DANGER" signs shall be of baked enamel finish on 20 gage steel; of standard 

red, black and white graphics; 14 inches by 10 inches size except where 10 inches by 7 
inches is the largest size which can be applied where needed, and except where a larger 
size is needed for adequate identification. 

 
2.11 DISCONNECT SWITCHES 
 

A. Disconnect switches for process instruments are specified under Section 2.07 – Wiring 
Devices. 

 
B. Switches shall be manufactured by the Square D Company, Eaton, or Allen Bradley. 

 
C. Disconnect switches shall be heavy-duty type and/or as specified in these Specifications. 

Switches shall be furnished and installed as required by the NEC.  Handles shall be 
lockable. 

 
D. Disconnect switches for shall be UL 98 Listed.  

 
E. Switches shall meet NEMA Standard KS 1 type HD requirements, be, single-throw, be 

externally operated, and be fused or non-fused as required by the application.   
 

F. Indoor dry process area disconnect switches shall be NEMA 12, painted steel. 
 

G. Indoor wet process area disconnect switches shall be NEMA 4X, type 304 stainless steel. 
 

H. Disconnect switches shall be quick-make, quick-break and with an interlocked cover which 
cannot be opened when switch is in the "ON" position and capable of being locked in the 
"OPEN" position.   
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I. A complete set of fuses for all switches shall be furnished and installed as required.  
Time-current characteristic curves of fuses serving motors or connected in series with circuit 
breakers shall be coordinated for proper operation.  Fuses shall have voltage rating not less 
than the circuit voltage. 

 
J. Disconnect switches shall be furnished with a factory installed internal barrier kit that helps 

prevent accidental contact with live parts and provides “finger-safe” protection when the door 
of the enclosed switch is open. 

 
K. Disconnect switches shall be furnished with a manufacturer-supplied ground lug kit for 

termination of equipment grounding conductors.   
 
2.12 ENCLOSED CIRCUIT BREAKERS 
 

A. Enclosed circuit breakers shall be manufactured by Eaton, the General Electric Company, or 
the Square D Company. 

 
B. Circuit breakers shall be molded case type with trip and frame ratings as required.  

 
C. Circuit breakers shall have an interrupting rating of 65,000 amperes symmetrical at 

480 VAC. 
 

D. Enclosed circuit breakers shall be UL 489 Listed.   
 

E. Indoor dry process area enclosed circuit breakers shall be enclosed in a NEMA 12, painted 
steel enclosure. 

 
F. Indoor wet process area enclosed circuit breakers shall be enclosed in a NEMA 4X, type 

304 stainless steel enclosure. 
 

G. Enclosed circuit breakers shall be quick-make, quick-break and with an interlocked cover 
which cannot be opened when the breaker is in the “ON” position and capable of being 
locked in the “OPEN” position. 

 
H. An Underwriter's Laboratories, Inc. inspection label shall appear on the interior of the 

enclosure. 
 
2.13 INDIVIDUAL MOTOR CONTROLLERS 
 

A. Individual magnetic motor starters shall be combination type complete with motor circuit 
protectors (MCP's).  Starters shall be rated 480 VAC, 3-pole, sized for the intended load 
unless otherwise indicated.  In no case shall a starter smaller than a NEMA Size 1 be used. 
Each starter shall be furnished with a minimum of two spare auxiliary contacts. 

 
B. Motor starters shall be furnished with the following enclosure type and material of 

construction, dependent upon the designation of the area in which they are to be installed.  
Area designations are indicated in each equipment specification. 

 

AREA DESIGNATION ENCLOSURE TYPE AND MATERIAL 

Indoor Wet Process Area NEMA 4X, Type 304 Stainless Steel 

Indoor Dry Process Area NEMA 12, Painted Steel 
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All Outdoor Areas NEMA 4X, Type 304 Stainless Steel 

 
C. Starters shall be provided with all coils and controls for 120 VAC operation. 

 
D. The minimum control power transformer VA requirements are as shown below.  Control 

power transformers shall be sized as required for the connected loads, plus 25% spare 
capacity. 

 
Size 1 150 VA 
Size 2 150 VA 
Size 3 200 VA 
Size 4 300 VA 
Size 5 500 VA 

 
The motor controller manufacturer is advised to review the entire Specifications for 
additional requirements for space heaters, power factor correction capacitors, and similar 
equipment which may not be specified in this Division or in the equipment specification. 
Control power transformers shall be fused on both the primary and secondary sides. 

 
E. Each starter shall be supplied with a manual reset overload relay.  Manual reset shall be 

accomplished by a door mounted overload reset pushbutton.  The relays shall be solid state 
type, with at least one isolated normally open and one isolated normally closed auxiliary 
contact that operates when a trip condition has occurred.  Relays shall be self-powered, 
have a visible trip indicator, have a trip test function, and have selectable Class 10 or 20 
operation.  Overload relays shall be set for Class 10 operation unless otherwise directed by 
the Engineer.  Overload relay shall have phase loss protection built in to trip the unit and 
protect the motor against single phasing.  The Manufacturer shall provide the overload relay 
model with the correct current range for each application.  Overload relay shall have 
adjustable current range dial.  Eutectic alloy and bi-metallic type overload relays are not 
acceptable.   

 
F. All control wiring shall be No. 14 AWG (minimum) labeled at each end in accordance with 

the wiring numbers shown on the accepted shop drawings.  Power wiring shall be sized to 
suit the maximum horsepower rating of unit; No. 12 AWG (minimum). Wiring shall be type 
MTW rated for 105ºC.   

 
G. Each motor starter coil shall be equipped with a surge-suppression device for protection of 

the solid state equipment (e.g. programmable logic controller) wired as part of the control 
circuit. 

 
H. Individual magnetic motor starters shall be as manufactured by Eaton using NEMA rated 

Freedom Series starters and contactors, the General Electric Company equivalent, or the 
Square D Company equivalent. 

 
I. Individual manual motor starters in enclosures as specified above shall be furnished and 

installed for outdoor and indoor exposed work.   
 

J. Furnish and install manual motor starters with pilot lights and overload heater elements of 
correct rating based on motor nameplate data. 
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K. Manual motor starters shall be equipped with either a push button or toggle operator with 
reset device or mechanism accessible without opening the enclosure. 

 
L. Individual manual motor starters for motors one (1) horsepower and less shall be Eaton 

Type MS, the General Electric Company equivalent, the Square D Company equivalent, or 
Allen-Bradley equivalent. 

 
M. Individual manual motor starters for integral horsepower motors shall be Eaton Type B100 or 

B101, the General Electric Company equivalent, the Square D Company equivalent, or 
Allen-Bradley equivalent. 

 
2.14 CONTROL COMPONENTS AND CONTROL PANELS 
 

A. Manufacturers 
 

1. Control components shall be manufactured by Eaton, The Square D Company, 
General Electric, Allen-Bradley, or Engineer approved equal. 

 
B. Pilot Devices 

 
1. General 

 
a. All pilot devices shall be provided with a legend plate.  Legend plates shall 

have a white background and black lettering and indicate the function of the 
respective pilot device.  (i.e. HAND-OFF-AUTO, RUN, EMERGENCY STOP, 
etc). 

 
b. All pilot devices shall be selected and properly installed to maintain the 

NEMA 250 rating of the enclosure in which they are installed.  All pilot 
devices shall be UL 508 Listed. 

 
c. All pilot devices shall be 30.5mm in diameter, unless otherwise indicated.  

22mm devices are not acceptable. 
 

d. Pilot devices for all electrical equipment under this Contract shall be of the 
same type and manufacturer. 

 
2. Pushbuttons 

 
a. Pushbuttons shall be non-illuminated, black in color, and have momentary 

style operation. 
 

b. Pushbuttons shall have the quantity of normally closed and/or normally open 
contacts as required.  In addition to the required contacts, one (1) spare 
normally open and one (1) spare normally closed contact shall be installed at 
each pushbutton.  Contacts shall be rated for 5A at 250VAC/DC (minimum), 
but no less than required for the application.  

 
c. Pushbuttons shall be provided with a full guard around the perimeter of the 

button. 
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3. Selector Switches 
 

a. Selector switches shall be non-illuminated, black in color, and have the 
number of maintained positions as required.  Handles shall be the extended 
type that provide a greater surface area for operation. 

 
b. Selector switches shall have the quantity of normally closed and/or normally 

open contacts as required.  In addition to the required contacts, one (1) 
spare normally open and one (1) spare normally closed contact shall be 
installed at each selector switch.  Contacts shall be rated for 5A at 
250VAC/DC (minimum), but no less than required for the application. 

 
c. Selector switches shall be provided with an indexing component that fits into 

the keyed portion of the cutout for the device and prevents the switch from 
spinning when operated. 

 
4. Indicating Lights 

 
a. Indicating lights shall LED type, with the proper voltage rating to suit the 

application, and push-to-test feature. 
 

b. Indicating light lens colors shall be as required in equipment specifications.  If 
lens colors are not indicated, the following colors shall be used: 

 
Red - "Run", "On", “Open”, “High” 
Green - "Off", “Closed”, “Low” 
Amber - "Alarm", "Fail" 
White - “Control Power On”, “Auto”, “Local” 
Yellow -  “Manual”, “Remote” 

 
5. Emergency Stop and Tagline Switches 

 
a. Emergency stop switches shall be non-illuminated, red in color, with a 

minimum 35mm diameter mushroom head manufactured by Pilla Electrical 
Products, Inc. or approved equal.  Once activated, switch shall maintain its 
position and require a manual pull to release/reset. Switches shall be 
provided with a clear, hinged plastic cover. 

 
b. Tagline switches shall have a plunger that activates upon tension from the 

associated safety cable.  Once activated, switch shall maintain its position 
and require a manual release/reset. 

 
c. Emergency stop and tagline switches shall have the quantity of normally 

closed and/or normally open contacts as required.  In addition to the required 
contacts, one (1) spare normally open and one (1) spare normally closed 
contact shall be installed at each switch.  Contacts shall be rated for 5A at 
250VAC/DC (minimum), but no less than required for the application. 

 
C. Relays and Timers 
 

1. General 
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a. Relays and timers shall be furnished with an integral pilot light for positive 

indication of coil energization. 
 

b. Relays and timers shall have tubular pin style terminals with matching 11-pin 
DIN rail mount socket.  Spade or blade style terminals are not acceptable. 

 
c. Relays and timers for all electrical equipment under this Contract shall be of 

the same type and manufacturer. 
 

2. Control and Pilot Relays 
 

a. Miniature or “ice-cube” type relays are not acceptable. 
 
b. Relays shall have coil voltage as required to suit the application. 
 
c. Relays shall be provided with contacts rated for 10A (resistive), minimum, at 

120/240 VAC and 24 VDC.  Relays shall have 3-pole, double-throw (3PDT) 
contact arrangement.  

 
d. Control and pilot relays shall be manufactured by IDEC, Potter, Brumfield, 

Agastat or approved equal. 
 

3. Time Delay Relays 
 

a. Timers delay relays shall utilize electronic timing technology.  Mechanical 
timing devices are not acceptable. 

 
b. Relays shall have coil voltage as required to suit the application. 

 
c. Relays shall be provided with contacts rated for 10A (resistive), minimum, at 

120/240 VAC and 24 VDC.  Relays shall have double-pole double-throw 
(DPDT) contact arrangement. 

 
d. Time delay ranges shall be adjustable from the front of the relay. 

 
4. Elapsed Time Meters 

 
a. Elapsed time meters shall be non-resettable type with no less than a 4 digit 

display.  Coil voltage shall be as required. 
 
b. Elapsed time meters shall be manufactured by Crompton, ENB, or approved 

equal. 
 

D. Control Terminal Blocks 
 

1. Control terminal blocks shall be assembled on non-current carrying galvanized steel 
DIN mounting rails securely bolted to the enclosure or subpanel.  Terminals shall be 
tubular screw type with pressure plate that will accommodate wire size range of #22 - 
#8 AWG. 
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2. Control terminal blocks shall be single tier with a minimum rating of 600 volts and 
20A.  Separate terminal strips shall be provided for each type of control used (i.e. 
120VAC vs. 24VDC). Quantity of terminals shall be provided as required to suit the 
application.  In addition, there shall be a sufficient quantity of terminals for the 
termination of all spare conductors. 

 
3. Terminals shall be marked with a permanent, continuous marking strip, with each 

terminal numbered.  One side of each terminal shall be reserved exclusively for 
incoming field conductors.  Common connections and jumpers required for internal 
wiring shall not be made on the field side of the terminal. 

 
E. LOCAL CONTROL STATIONS 

 
1. Local control stations shall be furnished and installed complete with pushbuttons, 

selector switches, indicating lights, and other devices as required. 
 

2. Specific devices installed in local control stations shall be provided in accordance 
with the requirements specified elsewhere in this Section. 

 
3. Local control stations shall be furnished with the following enclosure type and 

material of construction, dependent upon the designation of the area in which they 
are to be installed.  Area designations are indicated in each equipment specification. 

 

AREA DESIGNATION ENCLOSURE TYPE AND MATERIAL 

Indoor Wet Process Area NEMA 4X, Type 304 Stainless Steel 

Indoor Dry Process Area NEMA 12, Die Cast Zinc 

 
4. Non-metallic enclosures, NEMA 7 enclosures, and NEMA 9 enclosures shall be 

provided with threaded integral conduit hubs.  Conduit hubs shall be external to the 
enclosure. 

 
5. Local control stations shall be UL-508 Listed.   

 
6. Provide a nameplate on each local control station.  The name and/or number of the 

equipment associated with each control station shall be engraved on the nameplate, 
followed by the words “LOCAL CONTROL STATION”. 

 
2.15 VARIABLE FREQUENCY DRIVES 
 

A. Manufacturers 
 

1. VFDs shall be Yaskawa (A1000) or Allen Bradley (Powerflex 400/700) 
 

B. Product Requirements 
 
1. Variable speed drives shall be adjustable frequency, adjustable voltage, pulse width 

modulated (PWM) design.  The units shall be microprocessor controlled, fully 
digitally programmable, and capable of precise and repeatable speed regulation of 
three phase 480 volt AC NEMA Design B induction motors.  Variable frequency 
drives for other than NEMA Design B induction motors (e.g. NEMA Design C) shall 



 
Sustainable Water Phase 3 –Major Equip. Package Gen. Electrical Requirements – REV 0 
Demonstration Facility 16100-26 IFC January 2017 

3
1

2
7

4
-0

0
0

 

be coordinated with the requirements of that respective load.  Drive units shall 
perform continuous self diagnostics as well as load and drive self check on startup. 

 
2. Variable frequency drive system shall be suitable for operation as part of a 480 VAC, 

3 phase, 60 Hertz power distribution system.  The complete variable frequency drive 
system shall withstand the mechanical forces exerted during short circuit conditions 
when connected directly to a power source having available fault current of 65,000 
amperes symmetrical at rated voltage. 
 

3. The variable frequency drive shall consist of a 6 pulse diode semiconductor rectifier 
system, direct current link, and pulse width modulated inverter.  The inverter shall 
invert the direct current voltage into an alternating current voltage at a frequency 
which shall be proportional to the desired speed.  This alternating current voltage 
and frequency shall both vary simultaneously at a constant "Volts-Per-Hertz" ratio to 
operate the induction motor at the desired speed. 
 

4. Variable frequency drive shall operate from fixed frequency power supply and 
convert this input power into variable speed induction motor shaft power as required 
by this Specification. Provide each variable frequency drive with a motor circuit 
protector as indicated on the Drawings which shall be padlockable.  Provide each 
variable frequency drive with 5% line reactors at the input manufactured by MTE 
Corp.  Include the necessary drive controllers and output contactors to accomplish 
the intended control of the variable frequency drive system. 
 

5. Variable frequency drive shall have an automatic restart after restoration of a power 
disruption. 
 

6. Provide an input circuit breaker for short circuit protection (Fuses are not 
acceptable). 

 
7. The controller electronics shall contain indicators of the following conditions: 

a. Undervoltage 
b. Overvoltage 
c. Over temperature 
d. Memory failure 
e. Emergency Stop 
f. Ground fault 
g. Instantaneous overcurrent 

 
 
 
PART 3 -- EXECUTION 
 
3.01 CONDUIT INSTALLATION 
 

A. General 
 

1. Minimum trade size for all conduits shall be ¾ inch.  If required by instrumentation, ½ 
inch may be used. 
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2. Empty and/or spare conduits shall be provided with pull ropes which have no less 
than 12 inches of slack at each end. 

 
3. Conduits shall be protected from moisture, corrosion, and physical damage during 

construction.  Install dust-tight and water-tight conduit fittings on the ends of all 
conduits immediately after installation and do not remove until conductors are 
installed. 

 
4. Conduits shall be installed to provide no less than 12 inches clearance from pipes 

that have the potential to impart heat upon the conduit.  Such pipes include, but are 
not limited to, hot water pipes, steam pipes, exhaust pipes, and blower air pipes.  
Clearance shall be maintained whether conduit is installed in parallel or in crossing 
of pipes. 

 
5. Where conduit fittings do not include an integral insulated bushing, an insulated 

bushing shall be installed at all conduit termination points. 
 

6. Conduits which serve multi-section equipment shall be terminated in the section 
where wiring terminations will be made. 

 
7. All field fabricated threads for rigid galvanized steel conduit shall be thoroughly 

coated with two coats of galvanizing compound, allowing at least two minutes to 
elapse between coats for proper drying. 

 
8. The appropriate specialized tools shall be used for the installation of PVC coated 

conduit and conduit fittings.  No damage to the PVC coating shall occur during 
installation.  Conduit and conduit fittings with damaged PVC coating shall be 
replaced at the Manufacturer’s cost.  The use of PVC coating touch-up compounds 
is not permitted. 

 
B. Conduit Uses and Applications 

 
1. Rigid Conduit 

 
a. Rigid conduit shall be furnished and installed in the materials of construction as 

follows. Area designations are indicated in each equipment specification. 
 

RIGID CONDUIT 

 CONDUIT CATEGORY BY WIRING/CIRCUIT TYPE 

INSTALLATION AREA 

DESIGNATION/ SCENARIO 
Power and Control Instrumentation 

Exposed in indoor wet process areas PVC coated rigid 
galvanized steel conduit 
or  
Rigid aluminum conduit 

Same as Power and 
Control 

Exposed in indoor dry process areas Rigid galvanized steel 
conduit 
or  
Rigid aluminum conduit 

Same as Power and 
Control 
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RIGID CONDUIT 

 CONDUIT CATEGORY BY WIRING/CIRCUIT TYPE 

INSTALLATION AREA 

DESIGNATION/ SCENARIO 
Power and Control Instrumentation 

Exposed in outdoor areas PVC coated rigid 
galvanized steel conduit 

Same as Power and 
Control 

 
2. Flexible Conduit 

 
a. Flexible conduit shall only be installed for the limited applications specified 

herein.  Flexible conduit shall not be installed in any other application without 
written authorization from the Engineer.  Acceptable applications are as 
follows: 

 
i. Connections to motors and engine-generator sets (and similar 

vibrating equipment) 

ii. Connections to solenoid valves and limit switches 

iii. Connections to pre-fabricated equipment skids 

iv. Connections to instrument transmitters and elements 

 
b. Flexible conduit length shall be limited to three (3) feet, maximum.  Flexible 

conduit shall not be installed buried or embedded within any material.   
 

c. Flexible conduit shall be furnished and installed in the materials of construction as 
follows. Area designations are indicated in each equipment specification. 

 

FLEXIBLE CONDUIT FOR NON-HAZARDOUS AREAS 

 CONDUIT CATEGORY BY WIRING/CIRCUIT TYPE 

INSTALLATION AREA 

DESIGNATION/SCENARIO 
Power and Control Instrumentation 

Exposed in indoor wet process 

areas 

Liquid-tight flexible metal 
conduit 

Same as Power and 
Control 

Exposed in indoor dry process 

areas 

Liquid-tight flexible metal 
conduit 

Same as Power and 
Control 

Exposed in outdoor areas Liquid-tight flexible metal 
conduit 

Same as Power and 
Control 

 
C. Conduit Fitting Uses and Applications 

 
1. General 

 
a. Conduit fittings shall be furnished and installed in the materials of 

construction as indicated in Part 2, herein.  Conduit fitting materials of 
construction are dependent on the material of construction used for the 
associated conduit.  

 
b. Conduit fittings shall be provided in the trade size and configuration required 

to suit the application.   



 
Sustainable Water Phase 3 –Major Equip. Package Gen. Electrical Requirements – REV 0 
Demonstration Facility 16100-29 IFC January 2017 

3
1

2
7

4
-0

0
0

 

 
2. Conduit Bodies 

 
a. Conduit bodies shall be installed where wire pulling points are desired or 

required, or where changes in conduit direction or breaking around beams is 
required. 

 
b. Where conduit bodies larger than trade size 2 inches are intended to be 

used as a pull-through fitting during wire installation, oversized or elongated 
conduit bodies shall be used.  Oversized or elongated conduit bodies shall 
not be required if the conduit body is intended to be used as a pull-out point 
during wire installation. 

 
3. Conduit Nipples and Unions 

 
a. Conduits with running threads shall not be used in place of 3-piece couplings 

(unions) or close nipples.  After installation of a conduit fitting of any kind, 
there shall be no more than ¼ inch of exposed threads visible.  Factory 
fabricated all-thread nipples may be used between adjacent enclosures, 
however, the same restriction applies regarding the length of exposed 
threads that are visible. 

 
4. Conduit Termination Fittings 

 
a. Where conduits terminate at enclosures with a NEMA 4, 4X, or 3R rating and 

the enclosure does not have integral conduit hubs, an appropriately sized 
watertight conduit hub shall be installed to maintain the integrity of the 
enclosure.  The use of locknuts with integral gasket in lieu of watertight 
conduit hubs is not acceptable. 

 
b. Where conduits terminate at enclosures that do not require conduit hubs, a 

two-locknut system shall be used to secure the conduit to the enclosure.  
One locknut shall be installed on the outside of the enclosure, and the other 
inside, drawn tight against the enclosure wall.  The locknut on the interior of 
the enclosure shall be the type with integral bonding lug, or a conduit 
bonding bushing may be used in place of the locknut. 

 
c. Conduits shall not be installed such that conduit fittings penetrate the top of 

any enclosure located outdoors or in a wet process area.  Conduits which 
serve outdoor equipment or an enclosure from above shall instead be routed 
into the side of the enclosure at the bottom.  The conduit termination fitting 
shall be provided with a conduit drain to divert moisture from the raceway 
away from the enclosure. 

 
3.02 LOW VOLTAGE WIRE AND CABLE INSTALLATION 
 

A. Power, Control, and Lighting/Receptacle Wire and Cable Installation 
 

1. The cables shall be terminated in accordance with the cable and/or termination 
product manufacturer's instructions for the particular type of cable. 
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2. To minimize oxidation and corrosion, wire and cable shall be terminated using an 
oxide-inhibiting joint compound recommended for "copper-to-copper" connections.  
The compound shall be Penetrox E as manufactured by Burndy Electrical, or equal. 

 
3. Additional Conductor Identification 

 
a. In addition to the color coding identification requirements specified in Part 2 

herein, individual conductors shall be provided with heat shrinkable 
identification tags.  Identification tags for individual conductors shall have a 
white background where the conductor insulation is colored.  Identification 
tags for individual conductors shall have a colored background where the 
conductor insulation is black.  Background color shall match that of the 
taping provided on the individual black conductors.   

 
b. Multi-conductor cables shall be provided with heat shrinkable identification 

tags in accordance with Part 2 herein.   
 

c. All wiring shall be identified at each point of termination.  This includes but is 
not limited to identification at the source, load, and in any intermediate 
junction boxes where a termination is made. Wire numbers shall not be 
duplicated. 

 
d. Wire identification shall be by means of a heat shrinkable sleeve with 

appropriately colored background and black text.  Wire sizes #14 AWG 
through #10 AWG shall have a minimum text size of 7 points.  Wire sizes #8 
AWG and larger shall have a minimum text size of 10 points.  Sleeves shall 
be of appropriate length to fit the required text.  The use of handwritten text 
for wire identification shall not be permitted. 

 
e. Sleeves shall be suitable for the size of wire on which they are installed.  

Sleeves shall not be heat-shrunk onto control cables.  Tags shall remain 
loose on cable to promote easier identification.  For all other applications, 
sleeves shall be tightly affixed to the wire and shall not move.  Sleeves shall 
be heat shrunk onto wiring with a heat gun approved for the application.  
Sleeves shall not be heated by any means which employs the use of an open 
flame.  The Manufacturer shall take special care to ensure that the wiring 
insulation is not damaged during the heating process. 

 
f. Sleeves shall be installed prior to the completion of the wiring terminations 

and shall be oriented so that they can be easily read. 
 

g. Sleeves shall be polyolefin as manufactured by Brady, Seton, Panduit, or 
equal.   

 
h. Wire identification in pull boxes and other accessible components in the 

raceway system where the wiring is continuous (no terminations are made) 
shall be accomplished by means of a tag installed around the bundled group 
of individual conductors or around the outer conductor jacket of a multi-
conductor cable.  Identification shall utilize a FROM-TO system.  Each group 
of conductors shall consist of all of the individual conductors in a single 
conduit or duct.  The tag shall have text that identifies the bundle in 
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accordance with the ‘FROM’ and ‘TO’ column for that particular conduit 
number in the conduit and wire schedule.  Minimum text size shall be 10 
point.  The tag shall be affixed to the wire bundle by the use of nylon wire 
ties, and shall be made of polyethylene as manufactured by Brady, Seton, 
Panduit, or equal. 

 
i. Where colored tape is used to identify cables, it shall be wrapped around the 

cable with a 25% overlap and shall cover at least 2 inches of the cable. 
 

4. Wiring Supplies 
 

a. Only electrical wiring supplies manufactured under high standards of 
production and meeting the approval of the Engineer shall be used.    

 
b. Rubber insulating tape shall be in accordance with ASTM Des. D119.  

Friction tape shall be in accordance with ASTM Des. D69. 
 

5. Conductor Terminations 
 

a. Where wires are terminated at equipment which requires lugs, connections 
shall be made by solderless mechanical lug, crimp type ferrule, or irreversible 
compression type lugs.  Reference individual equipment specification 
sections as applicable for additional termination requirements. 

 
b. Where enclosure sizes and sizes of terminals at limit switches, solenoid 

valves, float switches, pressure switches, temperature switches, and other 
devices make terminations impractical due to the size of the device wiring, 
the Manufacturer shall terminate field wiring in an adjacent junction per the 
requirements of 2.06, complete with terminal strips.  The Manufacturer shall 
install the smaller wiring from the device to the junction box in a conduit, 
using the terminal strip as the means for joining the two different wire sizes.  
Splicing of wires in lieu of using terminal strips is not acceptable.   

 
c. All spare conductors shall be terminated on terminal blocks mounted within 

equipment or junction boxes.  Unless otherwise noted, coiling up of spare 
conductors within enclosure is not acceptable. 

 
B. INSTRUMENTATION CABLE INSTALLATION 

 
1. The Manufacturer shall install all cable or conductors used for instrumentation wiring 

(4-20 mA DC, etc.) in conduit as specified in Part 2 of this specification.  Only 
instrumentation cable as specified herein shall exclusively occupy these conduits.  
No other wiring for AC or discrete DC circuits shall be installed in these conduits. 

 
2. All shielding shall be continuous and shall be grounded at one point only. 

 
3. Where instrumentation cables are installed in panels, manholes, handholes, and 

other locations, the Manufacturer shall arrange wiring to provide maximum clearance 
between these cables and other conductors.  Instrumentation cables shall not be 
installed in same bundle with conductors of other circuits. 
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4. Special instrument cable shall be as specified or recommended by the manufacturer 
of the equipment or instruments requiring such wiring.  Installation, storage, and 
terminations, shall be per manufacturer's recommendations. 

 
3.03 PULL AND JUNCTION BOXES INSTALLATION 
 

A. Pull boxes and junction boxes shall be solidly attached to structural members prior to 
installation of conduit and set true and plumb.  Boxes shall not be supported by their 
associated conduits. 

 
B. Box penetrations for conduits shall be made with a punch tool, and penetrations shall be of 

the size required for the conduit entry and/or hub.  Oversized penetrations in boxes are not 
acceptable. 

 
C. Watertight conduit hubs shall be provided for boxes where a NEMA 4X enclosure rating is 

specified.  
 

D. Pull and junction boxes shall be provided in the enclosure type and material of construction 
required for the area in which it is installed.  Reference the requirements in Part 2 herein. 

 
3.04 WIRING DEVICES INSTALLATION 
 

A. All device plates shall be set true and plumb, and shall fit tightly against the finished outlet 
boxes. 

 
B. Outlet boxes shall be solidly attached to structural members prior to installation of conduit 

and set true and plumb.  Boxes shall not be supported by their associated conduits. 
 
3.05 GROUNDING AND BONDING INSTALLATION 
 

A. Metal surfaces where grounding connections are to be made shall be clean and dry.  Steel 
surfaces shall be ground or filed to remove all scale, rust, grease, and dirt.  Copper and 
galvanized steel shall be cleaned with emery cloth to remove oxide before making 
connections. 

 
B. Where conductors are exposed and subject to damage from personnel, traffic, etc., 

conductors shall be installed in metal raceway.  The raceway shall be bonded to the 
grounding system. 

 
3.06 SUPPORTING DEVICES INSTALLATION 
 

A. Support channel shall be provided wherever required for the support of starters, switches, 
panels, and miscellaneous equipment.   

 
B. All supports shall be rigidly bolted together and braced to make a substantial supporting 

framework.  Where possible, control equipment shall be grouped together and mounted on a 
single framework.   

 
C. Wherever dissimilar metals come into contact, the Manufacturer shall isolate these metals 

as required with neoprene washers, nine (9) mil polyethylene tape, or gaskets. 
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3.07 ELECTRICAL IDENTIFICATION INSTALLATION 
 

A. Nameplates shall be attached to the equipment enclosures with (2) two stainless steel sheet 
metal screws for nameplates up to 2-inches wide.  For nameplates over 2-inches wide, four 
(4) stainless steel sheet metal screws shall be used, one (1) in each corner of the 
nameplate. The utilization of adhesives is not permitted. 

 
B. Wherever reasonably required to ensure safe and efficient operation and maintenance of 

the electrical systems and electrically connected mechanical systems and general systems 
and equipment, including prevention of misuse of electrical facilities by unauthorized 
personnel, install plastic signs or similar equivalent identification, instruction, or warnings on 
switches, outlets, and other controls, devices, and covers or electrical enclosures.  Where 
detailed instructions or explanations are needed, provide plasticized tags with clearly written 
messages adequate for the intended purposes.  Signs shall be attached as specified above 
for nameplates. 

 
C. After installation of all field equipment (i.e. valves, motors, fans, unit heaters, instruments, 

etc) install nameplates at each power termination for the field equipment.  Nameplate data 
shall include equipment designation (tag number), power source (MCC number, panelboard, 
etc), circuit number, conduit number from schedule and voltage/phase. 

 
3.08 ENCLOSED CIRCUIT BREAKERS INSTALLATION 
 

A. The enclosed circuit breaker shall be furnished and installed as recommended by the 
equipment manufacturer. 

 
B. Enclosed circuit breakers shall be provided in the enclosure type and material of 

construction required for the area in which it is installed.  Reference the requirements in Part 
2 herein. 

 
3.09 INDIVIDUAL MOTOR CONTROLLERS INSTALLATION 
 

A. Individual motor starters shall be provided in the enclosure type and material of construction 
required for the area in which it is installed.  Reference the requirements in Part 2 herein, 
and the area designations indicated in the equipment specifications. 

 
3.10 ELECTRIC CONTROL AND RELAYS INSTALLATION 
 

A. Local control stations shall be provided in the enclosure type and material of construction 
required for the area in which it is installed.  Reference the requirements in Part 2 herein, 
and each equipment specifications for the area designations. 

 
B. All control components shall be mounted in a manner that will permit servicing, adjustment, 

testing, and removal without disconnecting, moving, or removing any other component.  
Components mounted on the inside of panels shall be mounted on removable plates and not 
directly to the enclosure.  Mounting shall be rigid and stable unless shock mounting is 
required otherwise by the manufacturer to protect equipment from vibration.  Component's 
mounting shall be oriented in accordance with the component manufacturer's and industries' 
standard practices.   
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C. Pilot devices shall be properly bonded to the equipment enclosure door where they are 
installed.  If proper bonding cannot be achieved through the locknuts that affix the device in 
place, a green colored bonding screw shall be provided on the pilot device.  The bonding 
screw shall be bonded to the equipment enclosure through the use of an insulated green 
bonding conductor. 

 
D. Local control station covers shall be bonded to the local control station enclosure through 

the use of an insulated green bonding conductor. 
 

E. Wiring to devices at each local control station shall be provided with enough slack to permit 
the local control station cover to be removed and pulled at least 6 inches away from the 
enclosure. 

 
F. Terminal strips, relays, timers, and similar devices shall not be installed on the rear of the 

panel/cabinet doors. 
 
3.11 CORROSION PROTECTION 
 

A. Wherever dissimilar metals, except conduit and conduit fittings, come into contact, the 
Manufacturer shall isolate these metals as required with neoprene washers, nine (9) mil 
polyethylene tape, or gaskets. 

 
 

- END OF SECTION - 
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SECTION 16111 
 

CONDUIT 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish and install conduits and conduit fittings to complete the 
installation of all electrically operated equipment as specified herein, indicated on the 
Drawings, and as required. 
 

B. Requirements for conduit clamps, support systems, and anchoring are not included in this 
Section.  Reference Section 16190, Electrical Supporting Devices, for these requirements. 
 

C. Reference Section 16000, Basic Electrical Requirements. 

 

1.02 CODES AND STANDARDS 

 

A. Conduits and conduit fittings shall be designed, manufactured, and/or listed to the 

following standards as applicable: 

 

1. American National Standards Institute (ANSI)  

 

a. ANSI B1.20.1 – Pipe Threads, General Purpose 

b. ANSI C80.1 – Electrical Rigid Steel Conduit 

c. ANSI C80.3 – Steel Electrical Metallic Tubing 

d. ANSI C80.5 – Electrical Rigid Aluminum Conduit 

e. ANSI FB 1 – Fittings, Cast Metal Boxes, and Conduit Bodies for Conduit, 

Electrical Metallic Tubing, and Cable 

 

2. Underwriters Laboratories (UL) 

 

a. UL 1 – Standard for Flexible Metal Conduit 

b. UL 6 - Electrical Rigid Metal Conduit-Steel 

c. UL 6A – Electrical Rigid Metal Conduit-Aluminum, Red Brass, and 

Stainless Steel 

d. UL 360 – Standard for Liquid-tight Flexible Metal Conduit 

e. UL 467 – Grounding and Bonding Equipment 

f. UL 514B – Conduit, Tubing, and Cable Fittings 

g. UL 651 – Standard for Schedule 40 and 80 Conduit and Fittings 

h. UL 797 – Electrical Metallic Tubing-Steel 

i. UL 1203 - Standard for Explosion-proof and Dust-ignition-proof Electrical 

Equipment for use in Hazardous (Classified) Locations 

j. UL 1479 – Standard for Fire Tests of Penetration Fire Stops 

k. UL 1660 – Liquid-tight Flexible Nonmetallic Conduit 
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3. National Electrical Manufacturer’s Association (NEMA) 

 

a. NEMA RN 1 – PVC Externally Coated Galvanized Rigid Steel Conduit 

b. NEMA TC-2 – Electrical PVC Conduit 

c. NEMA TC-3 – PVC Fittings for Use with Rigid PVC Conduit and Tubing 

 

4. Others 

 

a. ACI-318 – Building Code Requirements for Structural Concrete 

 

1.03 SUBMITTALS 

 

A. In accordance with the procedures and requirements set forth in the General Conditions 

and Section 01 33 00 – Submittal Procedures, the Design/Builder shall obtain from the 

equipment manufacturer and submit the following: 

 

1. Shop Drawings 

 

B. Each submittal shall be identified by the applicable specification section. 

 

1.04 SHOP DRAWINGS 

 

A. Each submittal shall be complete in all respects, incorporating all information and data 

listed herein and all additional information required for evaluation of the proposed 

equipment's compliance with the Contract Documents. 

 

B. Partial, incomplete, or illegible submittals will be returned to the Design/Builder without 

review for resubmittal. 

 

C. Shop drawings shall include but not be limited to: 

 

1. Product data sheets for conduits and fittings. 

 

2. Conduit identification methods and materials. 

 

3. Evidence of training for all personnel that will install PVC coated rigid metal 

conduit. 

 

1.05 DEFINITIONS 

 

A. Conduits are categorized by the circuit type of the wiring to be installed inside.  Conduits 

are defined as follows: 

 

1. Power Conduits – Conduits that carry AC or DC power wiring from a source to a 

load.  Conduits that carry lighting and receptacle wiring. 
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2. Control Conduits – Conduits that carry AC or DC discrete control wiring between 

devices and/or equipment.  Conduits that carry fiber optic cables between devices 

and/or equipment. 

 

3. Instrumentation Conduits – Conduits that carry AC or DC analog signal wiring 

between devices and/or equipment. 

 

B. Conduit categories are indicated on the Drawings by the leading letter of the conduit tag.  

Conduit tag leading letters are defined as follows: 

 

1. P – Power Conduit 

 

2. C – Control Conduit 

 

3. I – Instrumentation Conduit 

 
PART 2 – PRODUCTS 
 
2.01 GENERAL 
 

A. Conduit and conduit fitting products are specified in the text that follows this article.  

Reference Part 3 herein for the application, uses and installation requirements of these 

conduits and conduit fittings. 

 

B. All metallic conduit fittings shall be UL 514B and UL 467 Listed, and constructed in 

accordance with ANSI FB 1.  All non-metallic fittings shall be UL 651 Listed and 

constructed in accordance with NEMA TC-3. 

 

C. Where threading is specified herein for conduit fitting connections, the fittings shall be 

manufactured to accept conduit that is threaded to ANSI B1.20.1 requirements. 

 

D. Conduit expansion fittings for all conduit materials of construction shall be capable of 4 

inches of movement along the axis of the conduit for trade sizes 2 inches or less.  

Expansion fittings shall be capable of 8 inches of movement along the axis of the conduit 

for trade sizes greater than 2 inches.   

 

E. Conduit deflection fittings for all conduit materials of construction shall be provided with a 

flexible neoprene outer jacket that permits up to ¾ inch of expansion/contraction along the 

axis of the conduit as well as up to ¾ inch of parallel misalignment between the conduit 

axes.  Outer jacket shall be secured to the conduit hubs by stainless steel clamps.   

 

F. Conduit seals shall either be Listed and labeled for 40% fill, or conduit reducing fittings 

and a trade size larger conduit seal shall be provided to achieve 25% or less fill within the 

seal.  Percentage fill calculation shall be based on the conductors to be installed. Conduit 

seals shall be provided with breathers and/or drains where required by the NEC. 
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G. Conduit insulating bushings shall be constructed of plastic and shall have internal 

threading. 

 

H. Additional conduit and conduit fitting requirements are specified in the articles that follow 

based on the specific conduit material of construction to be used. 

 

2.02 RIGID GALVANIZED STEEL (RGS) CONDUIT AND ASSOCIATED FITTINGS 

 

A. Conduit 

 

1. Conduit shall be hot dip galvanized on the inside and outside, and made of heavy 

wall high strength ductile steel.  Conduit shall be manufactured in accordance with 

ANSI C80.1, and shall be UL 6 Listed.   

 

2. Conduit shall be provided with factory-cut ¾” per foot tapered threads at each end 

in accordance with ANSI B1.20.1.  Threads shall be cut prior to galvanizing to 

ensure corrosion protection adequately protects the threads.  Conduit shall be 

provided with a matching coupling on one end and a color-coded thread protector 

on the other. 

 

B. Conduit Bodies for use with Rigid Galvanized Steel 

 

1. Conduit bodies shall be constructed of an electro-galvanized malleable iron alloy 

which is coated with an acrylic paint finish. Conduit bodies shall have integral 

threaded conduit hubs. 

 

2. Conduit bodies for Class I Division I hazardous areas shall be provided with 

integrally threaded covers constructed of an electro-galvanized malleable iron 

alloy which is coated with an acrylic paint finish. 

 

3. Conduit bodies for all other areas shall be provided with covers that are affixed in 

place by stainless steel screws which thread directly into the conduit body.  Covers 

that utilize wedge nuts or any other method of attachment to the conduit body are 

not acceptable.  Covers shall be constructed of an electro-galvanized malleable 

iron alloy which is coated with an acrylic paint finish. Covers shall be provided with 

matching gasket. 
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C. Conduit Couplings, Nipples, and Unions for use with Rigid Galvanized Steel 

 

1. Couplings and nipples shall be threaded and shall be constructed of hot dipped 

galvanized steel.  Split-type couplings that use compression to connect conduits 

are not acceptable. 

 

2. Unions shall be threaded, rain-tight, and constructed of an electro-galvanized 

malleable iron alloy which is coated with an acrylic paint finish. 

 

D. Conduit Expansion and Deflection Fittings for use with Rigid Galvanized Steel 

 

1. Conduit expansion fittings and conduit deflection fittings shall be constructed of an 

electro-galvanized malleable iron alloy which is coated with an acrylic paint finish.  

Expansion and deflection fittings shall have threaded conduit connections.   

 

2. Expansion fittings shall have an integral bonding jumper and deflection fittings shall 

have an external bonding jumper. 

 

E. Conduit Seals for use with Rigid Galvanized Steel 

 

1. Conduit seals shall be constructed of an electro-galvanized malleable iron alloy 

which is coated with an acrylic paint finish.  Conduit seals shall have threaded 

conduit connections. 

 

F. Conduit Termination Fittings for use with Rigid Galvanized Steel 

 

1. Conduit hubs shall be constructed of stainless steel and shall have threaded 

connections to the conduit and enclosure.  Hubs shall have a plastic insulated 

throat and shall be watertight when assembled to an enclosure. 

 

2. Conduit locknuts shall be constructed of zinc plated steel.  Locknuts shall have 

internal threading.  Locknuts with integral gasket or seal are not acceptable.  

Locknuts shall have integral bonding screw where required for proper bonding. 

 

3. Conduit bonding bushings shall be constructed of zinc plated malleable iron.  

Bonding bushings shall have a threaded conduit connection.  Bonding bushing 

shall be provided with properly sized set screw for connecting bonding conductor 

and an integral plastic insulator rated for 150 degrees C located in the throat.   

 

2.03 RIGID NONMETALLIC CONDUIT AND ASSOCIATED FITTINGS 

 

A. Conduit 

 

1. Conduit shall be Schedule 40 or 80 (dependent on application) polyvinyl chloride 

(PVC) construction, manufactured in accordance with NEMA TC-2, UL 651 Listed, 

and suitable for conductors with 90 degree C insulation. 

 



Sustainable Water Phase 3 –  Conduit – REV 0 

Demonstration Facility 16111-6 IFC June 2017 

B. Conduit Bodies for use with Rigid Nonmetallic Conduit 

 

1. Conduit bodies shall be constructed of PVC. Conduit hubs shall be integral to the 

conduit body and shall be smooth inside to accept a glued conduit connection.   

 

2. Conduit body shall be provided with cover that is affixed in place by stainless steel 

screws which thread directly into the conduit body.  Covers that utilize wedge nuts 

or any other method of attachment to the conduit body are not acceptable.  Covers 

shall be provided with matching gasket. 

 

C. Conduit Couplings and Unions for use with Rigid Nonmetallic Conduit 

 

1. Conduit couplings and unions shall be constructed of PVC and shall be smooth 

inside to accept a glued conduit connection. 

 

D. Conduit Expansion and Deflection Fittings for use with Rigid Nonmetallic Conduit 

 

1. Conduit expansion fittings and conduit deflection fittings shall be constructed of 

PVC and shall be smooth inside to accept a glued conduit connection.   

 

E. Conduit Termination Fittings for use with Rigid Nonmetallic Conduit 

 

1. Conduit hubs shall be constructed of PVC and shall be smooth inside to accept a 

glued conduit connection. Hubs shall have external threads and an accompanying 

PVC locknut, and shall be watertight when assembled to an enclosure. 

 

2. Conduit locknuts shall be constructed of zinc plated steel.  Locknuts shall have 

internal threading.  Locknuts constructed of PVC and locknuts with integral gasket 

or seal are not acceptable. 

 

3. Conduit end bells shall be constructed of PVC and shall be smooth inside to accept 

a glued conduit connection.  End bell shall have a smooth inner surface that curves 

outward towards the edge of the fitting. 

 

2.04 PVC COATED RIGID GALVANIZED STEEL CONDUIT AND ASSOCIATED FITTINGS 

 

A. General 

 

1. Where an external coating of polyvinyl chloride (PVC) is specified for conduit and 

fittings, the coating shall be 40 mil (minimum) thickness.  Where an internal coating 

of urethane is specified for conduit and fittings, the coating shall be 2 mil (minimum) 

thickness. 

 

2. All conduit fittings shall have a sealing sleeve constructed of PVC which covers all 

connections to conduit.  Sleeves shall be appropriately sized so that no conduit 

threads will be exposed after assembly. 
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B. Conduit 

 

1. Conduit shall be hot dip galvanized on the inside and outside, and made of heavy 

wall high strength ductile steel.  Conduit shall be manufactured in accordance with 

ANSI C80.1, and shall be UL 6 Listed. 

 

2. Conduit shall be provided with factory-cut ¾” per foot tapered threads at each end 

in accordance with ANSI B1.20.1.  Threads shall be cut prior to galvanizing to 

ensure corrosion protection adequately protects the threads.  Conduit shall be 

provided with a matching coupling on one end and a color-coded thread protector 

on the other. 

 

3. Conduit shall be coated on the exterior with a PVC jacket and coated on the interior 

with a layer of urethane.  Conduit shall be manufactured in accordance with NEMA 

RN-1. 

 

C. Conduit Bodies for use with PVC Coated Rigid Galvanized Steel Conduit 

 

1. Conduit bodies shall be constructed of an electro-galvanized malleable iron alloy 

which is coated on the exterior with a PVC jacket and coated on the interior with a 

layer of urethane. Conduit bodies shall have integral threaded conduit hubs. 

 

2. Conduit bodies for Class I Division I hazardous areas shall be provided with 

integrally threaded covers constructed of an electro-galvanized malleable iron 

alloy which is coated on the exterior with a PVC jacket and coated on the interior 

with a layer of urethane. 

 

3. Conduit bodies for all other areas shall be constructed of an electro-galvanized 

malleable iron alloy which is coated on the exterior with a PVC jacket and coated 

on the interior with a layer of urethane.  Covers shall be affixed in place by stainless 

steel screws which thread directly into the conduit body and have a plastic 

encapsulated head.  Covers that utilize wedge nuts or any other method of 

attachment to the conduit body are not acceptable.  Covers shall be provided with 

matching gasket. 

 

D. Conduit Couplings, Nipples, and Unions for use with PVC Coated Rigid Galvanized Steel 

Conduit 

 

1. Couplings and nipples shall be threaded and shall be constructed of hot dipped 

galvanized steel which is coated on the exterior with a PVC jacket and coated on 

the interior with a layer of urethane.  Split-type couplings that use compression to 

connect conduits are not acceptable. 

 

2. Unions shall be threaded, rain-tight, and constructed of an electro-galvanized 

malleable iron alloy which is coated on the exterior with a PVC jacket and coated 

on the interior with a layer of urethane. 
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E. Conduit Expansion and Deflection Fittings for use with PVC Coated Rigid Galvanized 

Steel Conduit 

 

1. Conduit expansion fittings and conduit deflection fittings shall be constructed of an 

electro-galvanized malleable iron alloy which is coated on the exterior with a PVC 

jacket and coated on the interior with a layer of urethane.  Expansion and deflection 

fittings shall have threaded conduit connections.   

 

2. Expansion fittings shall have an integral bonding jumper and deflection fittings shall 

have an external bonding jumper. 

 

F. Conduit Seals for use with PVC Coated Rigid Galvanized Steel Conduit 

 

1. Conduit seals shall be constructed of an electro-galvanized malleable iron alloy 

which is coated on the exterior with a PVC jacket and coated on the interior with a 

layer of urethane.  Conduit seals shall have threaded conduit connections.  

 

G. Conduit Termination Fittings for use with PVC Coated Rigid Galvanized Steel Conduit 

 

1. Conduit hubs shall be constructed of an electro-galvanized malleable iron alloy 

which is coated on the exterior with a PVC jacket and coated on the interior with a 

layer of urethane.  Hubs shall have threaded connections to the conduit and 

enclosure.  Hubs shall have a plastic insulated throat and shall be watertight when 

assembled to an enclosure. 

 

2. Conduit bonding bushings shall be constructed of zinc plated malleable iron which 

is coated on the exterior with a PVC jacket and coated on the interior with a layer 

of urethane.  Bonding bushings shall have a threaded conduit connection.  Bonding 

bushing shall be provided with properly sized set screw for connecting bonding 

conductor and an integral plastic insulator rated for 150 degrees C located in the 

throat.   

 

2.05 RIGID ALUMINUM CONDUIT AND ASSOCIATED FITTINGS 

 

A. Conduit 

 

1. Conduit shall be made of heavy wall high strength 6063 alloy aluminum with 

temper designation T1.  Conduit shall be manufactured in accordance with ANSI 

C80.5, and shall be UL 6A Listed. 

 

2. Conduit shall be provided with factory-cut ¾” per foot tapered threads at each end 

in accordance with ANSI B1.20.1.  Threads shall be cut prior to galvanizing to 

ensure corrosion protection adequately protects the threads.  Conduit shall be 

provided with a matching coupling on one end and a color-coded thread protector 

on the other. 
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B. Conduit Bodies for use with Rigid Aluminum Conduit 

 

1. Conduit bodies shall be constructed of copper-free aluminum which is coated with 

an aluminum enamel finish. Conduit bodies shall have integral threaded conduit 

hubs. 

 

2. Conduit bodies for Class I Division I hazardous areas shall be provided with 

integrally threaded covers constructed of copper-free aluminum which is coated 

with an aluminum enamel finish. 

 

3. Conduit bodies for all other areas shall be provided with stamped copper-free 

aluminum covers that are affixed in place by stainless steel screws which thread 

directly into the conduit body.  Covers that utilize wedge nuts or any other method 

of attachment to the conduit body are not acceptable.  Covers shall be provided 

with matching gasket. 

 

C. Conduit Couplings, Nipples, and Unions for use with Rigid Aluminum Conduit 

 

1. Couplings and nipples shall be threaded and shall be constructed of heavy wall 

high strength 6063 alloy aluminum with temper designation T1.  Split-type 

couplings that use compression to connect conduits are not acceptable. 

 

2. Unions shall be threaded, rain-tight, and constructed of copper-free aluminum 

which is coated with an aluminum enamel finish. 

 

D. Conduit Expansion and Deflection Fittings for use with Rigid Aluminum Conduit 

 

1. Conduit expansion fittings and conduit deflection fittings shall be constructed of 

copper-free aluminum which is coated with an aluminum enamel finish.  Expansion 

and deflection fittings shall have threaded conduit connections.   

 

2. Expansion fittings shall have an integral bonding jumper and deflection fittings shall 

have an external bonding jumper. 

 

E. Conduit Seals for use with Rigid Aluminum Conduit 

 

1. Conduit seals shall be constructed of copper-free aluminum which is coated with 

an aluminum enamel finish.  Conduit seals shall have threaded conduit 

connections.  

 

F. Conduit Termination Fittings for use with Rigid Aluminum Conduit 

 

1. Conduit hubs shall be constructed of copper-free aluminum and shall have 

threaded connections to the conduit and enclosure.  Hubs shall have a plastic 

insulated throat and shall be watertight when assembled to an enclosure. 
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2. Conduit locknuts shall be constructed of copper-free aluminum.  Locknuts shall 

have internal threading.  Locknuts with integral gasket or seal are not acceptable.  

Locknuts shall have integral bonding screw where required for proper bonding. 

 

3. Conduit bonding bushings shall be constructed of copper-free aluminum.  Bonding 

bushings shall have a threaded conduit connection.  Bonding bushing shall be 

provided with properly sized set screw for connecting bonding conductor and an 

integral plastic insulator rated for 150 degrees C located in the throat.   

 

2.06 LIQUID TIGHT FLEXIBLE METAL CONDUIT (LFMC) AND ASSOCIATED FITTINGS 

 

A. Conduit 

 

1. Conduit shall be manufactured using a single strip of hot dip galvanized high 

strength steel alloy, helically formed into a continuously interlocked flexible metal 

conduit.  Trade size 1-1/4” and smaller conduits shall be provided with an integrally 

woven copper bonding strip. 

 

2. Conduit shall be covered with an outside PVC jacket that is UV resistant, moisture-

proof, and oil-proof.  Conduit shall be UL 360 Listed. 

 

B. Conduit Termination Fittings for use with LFMC 

 

1. Conduit termination fittings shall be constructed of either 304 stainless steel or an 

electro-galvanized malleable iron alloy which is coated on the exterior with a 40 

mil (minimum) PVC jacket and coated on the interior with a 2 mil (minimum) layer 

of urethane.  PVC coated fittings shall have a sealing sleeve constructed of PVC 

which covers the connection to conduit. 

 

2. Termination fittings shall have a threaded end with matching locknut and sealing 

ring for termination to equipment, and shall have an integral external bonding lug 

where required for proper bonding.  Termination fittings shall have a plastic 

insulated throat and shall be watertight when assembled to the conduit and 

equipment. 

 

2.07 LIQUID TIGHT FLEXIBLE NONMETALLIC CONDUIT (LFNC) AND ASSOCIATED 

FITTINGS 

 

A. Conduit 

 

1. Conduit shall be constructed of rigid polyvinyl chloride (PVC), fabricated to provide 

flexibility.  Conduit shall be covered with an outside PVC jacket that is UV resistant, 

moisture-proof, and oil-proof.  Conduit shall be UL 1660 Listed. 
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B. Conduit Termination Fittings for use with LFNC 

 

1. Conduit termination fittings shall be constructed PVC and shall have a threaded 

end with matching locknut and sealing ring for termination to equipment.  

Termination fittings shall be watertight when assembled to the conduit and 

equipment. 

 

2.08 FLEXIBLE METAL CONDUIT (FMC) AND ASSOCIATED FITTINGS 

 

A. Conduit 

 

1. Conduit shall be manufactured using a single strip of hot dip galvanized high 

strength steel alloy, helically formed into a continuously interlocked flexible metal 

conduit.  Conduit shall be UL 1 Listed. 

 

B. Conduit Termination Fittings for use with FMC 

 

1. Conduit termination fittings shall be constructed of an electro-galvanized malleable 

iron alloy.  Fittings shall have a threaded end with matching locknut for termination 

to equipment, and a compression-style connection to the associated conduit. 

 

2.09 ELECTRICAL METALLIC TUBING (EMT) AND ASSOCIATED FITTINGS 

 

A. Conduit 

 

1. Conduit shall be hot dipped galvanized on the inside and outside, and made of 

cold-rolled steel tubing.  Conduit shall be manufactured in accordance with C80.3 

and shall be UL 797 listed. 

 

B. Conduit Bodies for use with EMT 

 

1. Conduit bodies shall be constructed of an electro-galvanized malleable iron alloy 

which is coated with an acrylic paint finish. Conduit bodies shall have integral 

threaded conduit hubs. 

 

2. Conduit bodies shall be provided with galvanized sheet steel covers that are 

affixed in place by stainless steel screws which thread directly into the conduit 

body.  Covers that utilize wedge nuts or any other method of attachment to the 

conduit body are not acceptable.  Covers shall be provided with matching gasket. 

 

C. Conduit Couplings and Nipples for use with EMT 

 

1. Couplings and nipples shall have threaded compression connectors with 

associated gland and shall be constructed of electro-galvanized steel.  Fittings 

utilizing a set screw or indenter tool to secure the associated conduit to the fitting 

are not acceptable.  Couplings and nipples shall be rain-tight and have a plastic 

insulated throat. 
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D. Conduit Expansion and Deflection Fittings for use with EMT 

 

1. Conduit expansion fittings and conduit deflection fittings shall be constructed of an 

electro-galvanized malleable iron alloy which is coated with an acrylic paint finish.  

Expansion and deflection fittings shall have threaded conduit connections.   

 

2. Expansion fittings shall have an integral bonding jumper and deflection fittings shall 

have an external bonding jumper. 

 

E. Conduit Termination Fittings for use with EMT 

 

1. Conduit termination fittings shall be constructed of electro-galvanized steel and 

have a plastic insulated throat.  Termination fittings shall have a threaded 

compression connector with associated gland on one end and external threads on 

the other end. Termination fittings utilizing a set screw or indenter tool to secure 

the associated conduit to the fitting are not acceptable. 

 

2. Conduit locknuts shall be constructed of zinc plated steel.  Locknuts shall have 

internal threading.  Locknuts shall have integral bonding screw where required for 

proper bonding. 

 

2.10 CONDUIT BENDS 

 

A. Rigid conduit bends, both factory fabricated and field fabricated, shall meet the same 

requirements listed in the articles above for the respective conduit type and material of 

construction. 

 

B. Conduit bend radii for standard radius bends shall be no less than as follows: 

TRADE SIZE ¾” 1” 1 ¼” 1 ½” 2” 2 ½” 3” 3 ½” 4” 5” 6” 

MIN. RADIUS 4 ½” 5 ¾” 7 ¼” 8 ¼” 9 ½” 10 ½” 13” 15” 16” 24” 30” 

 

C. Conduit bend radii for long radius bends shall be no less than as follows: 

TRADE SIZE ¾” 1” 1 ¼” 1 ½” 2” 2 ½” 3” 3 ½” 4” 5” 6” 

MIN. RADIUS N/A 12” 18” 24” 30” 30” 36” 36” 48” 48” 60” 

 

2.11 MISCELLANEOUS 
 

A. Conduit Periphery Sealing 
 
1. The sealing of the exterior surface of conduits to prevent water and/or air from 

passing around the conduit periphery from one space to another (where required) 
shall be through the use of one of the following: 
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a. A conduit sleeve and pressure bushing sealing system.  Acceptable 
products are FSK by OZ-GEDNEY, Link-Seal by Crouse-Hinds, or 
Engineer approved equal. 
 

b. A conduit sleeve that is two trade sizes larger than the conduit being 
sealed, with 2-hour fire rated UL 1479 Listed caulk filling the entire void 
between the conduit and sleeve.  This method is only suitable for 
penetrations in non-fire rated walls and floors between spaces within 
buildings.  This method shall not be used for the sealing of conduits leaving 
a building and/or structure. 
 

2. Conduit penetrations through fire-rated walls and floors shall be made with an 
approved UL 1479 Listed product specifically intended for the trade size of the 
conduit. 
 

B. Primer and Cement 
 
1. Nonmetallic conduit shall be cleaned with primer and connected to fittings with the 

manufacturer’s recommended cement that is labeled Low VOC.   
 

C. Galvanizing Compounds 
 
1. Galvanizing compounds for field application shall be the cold-applied type, 

containing no less than 93% pure zinc.   
 

D. Conduit Interior Sealing 
 
1. The sealing of the inside of conduits against water ingress shall be achieved 

through the use of one of the following: 
 
a. Two-part expanding polyurethane foam sealing compound, dispensed from 

a single tube which mixes the two parts as it is injected into the conduit.  
Expanding foam shall be compatible with the conduit material of 
construction as well as the outer jacket of the cables in the conduit.  
Acceptable products are Q-Pak 2000 by Chemque, FST by American 
Polywater Corporation, or Hydra-seal S-60 by Duraline.   
 

b. Inflatable bag that provides seal around cables and around inside diameter 
of conduit.  Provide appropriate quantity of additional fittings for 
applications with three or more cables in the conduit to be sealed.  
Acceptable products are Rayflate by Raychem, or Engineer approved 
equal.  This sealing method is only applicable to conduits trade size 2” and 
larger. 
 

c. Neoprene sealing ring provided with the required quantity and diameter of 
holes to accommodate the cables in each conduit.  Sealing ring shall be 
compressed by two stainless steel pressure plates.  Acceptable products 
are type CSB by OZ-GEDNEY, or Engineer approved equal.  This sealing 
method is only applicable to metallic conduits containing 4 or less cables. 
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2. The use of aerosol-based expanding foam sealants or any other method of sealing 
against water ingress not listed above is not acceptable. 

 
E. Pull Rope 

 
1. Pull ropes for empty and/or spare conduits shall be woven polyester, ½” wide, with 

a minimum tensile strength of 1250 lbs.   
 

2. Pull ropes for the Design/Builders use in installing conductors shall be the size and 
strength required for the pull, and shall be made of a non-metallic material. 

 
 

PART 3 – EXECUTION 

 

3.01 GENERAL 

 

A. Minimum trade size for all rigid conduits shall be ¾ inch in exposed applications and 1 

inch in embedded applications.  Conduits installed within ductbanks shall be allowed to be 

increased in size to trade size 2 inch, at the Design/Builder’s option, to accommodate the 

saddle size of the ductbank spacers.  However, no combining of circuits shall be allowed 

in the larger conduits. 

 

B. EMT conduit used in administrative areas plenum space shall be ½ inch minimum for 

lighting circuits only. 

 

C. Minimum trade size for flexible conduits (where specifically allowed herein) shall be ½ inch 

in all applications.   

 

D. Conduit routing and/or homeruns within structures is not shown on the Drawings.  

Conduits shall be installed concealed wherever practical and within the limitations 

specified herein.  All other conduits not capable of being installed concealed shall be 

installed exposed.   

 

 

E. Empty and/or spare conduits shall be provided with pull ropes which have no less than 12 

inches of slack at each end. 

 

F. Nonmetallic conduits for installations requiring less than a factory length of conduit shall 

be field cut to the required length.  The cut shall be made square, cleaned of debris, and 

primer shall be applied to ready each joint for fusing.  Conduits shall then be fused together 

with the conduit manufacturer’s approved cement compound. 

 

G. Metallic conduits for installations requiring less than a factory length of conduit shall be 

field cut to the required length.  The cut shall be made square, be cleaned of all debris 

and be de-burred, then threaded.  Conduit threading performed in the field shall be ¾ inch 

per foot tapered threads in accordance with ANSI B1.20.1.   
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H. Conduits shall be protected from moisture, corrosion, and physical damage during 

construction.  Install dust-tight and water-tight conduit fittings on the ends of all conduits 

immediately after installation and do not remove until conductors are installed. 

 

I. Conduits shall be installed to provide no less than 12 inches clearance from pipes that 

have the potential to impart heat upon the conduit.  Such pipes include, but are not limited 

to, hot water pipes, steam pipes, exhaust pipes, and blower air pipes.  Clearance shall be 

maintained whether conduit is installed in parallel or in crossing of pipes. 

 

J. Where non-metallic instrumentation conduits are installed exposed, the following 

clearances to other conduit types shall be maintained: 

 

1. Instrumentation conduits installed parallel to conduits with conductors energized 

at 480V or above shall be 18 inches. 

 

2. Instrumentation conduits installed parallel to conduits with conductors energized 

at 240V and below shall be 12 inches. 

 

3. Instrumentation conduits installed at right angles to conductors energized at 480V 

and below shall be 6 inches. 

 

4. Instrumentation conduits installed at right angles to conductors energized at 

voltages above 480V shall be 12 inches. 

 

K. Where conduit fittings do not include an integral insulated bushing, an insulated bushing 

shall be installed at all conduit termination points. 

 

L. Conduits which serve multi-section equipment shall be terminated in the section where 

wiring terminations will be made. 

 

M. Conduits shall not penetrate the floors or walls inside liquid containment areas without 

specific written authorization from the Engineer.  Liquid containment areas are indicated 

on the Drawings. 

 

N. In no case shall conduit be supported or fastened to another pipe or installed to prevent 

the removal of other pipe for repairs.  Spring steel fasteners may only be used to affix 

conduits containing lighting branch circuits within EMT conduits to structural steel 

members. 

 

O. All field fabricated threads for rigid galvanized steel conduit shall be thoroughly coated 

with two coats of galvanizing compound, allowing at least two minutes to elapse between 

coats for proper drying. 

 

P. The appropriate specialized tools shall be used for the installation of PVC coated conduit 

and conduit fittings.  No damage to the PVC coating shall occur during installation.  

Conduit and conduit fittings with damaged PVC coating shall be replaced at the 



Sustainable Water Phase 3 –  Conduit – REV 0 

Demonstration Facility 16111-16 IFC June 2017 

Design/Builder’s cost.  The use of PVC coating touch-up compounds is not permitted, 

unless approved by the Owner. 

 

Q. Conduits which emerge from within or below concrete encasement shall be PVC coated 

rigid galvanized steel in accordance with Standard Detail 1611102 where the conduit is 

not protected by an equipment enclosure that surrounds the conduit on all sides at the 

point where it emerges from the encasement.   

 

R. Aluminum conduits shall not be installed in direct contact with concrete surfaces.  Where 

aluminum conduits are routed along concrete surfaces, they shall be installed with one-

hole electro-galvanized malleable iron alloy straps with matching clamp-backs to space 

the conduit ¼ inch away from concrete surface.  Where aluminum conduit passes through 

concrete, CMU or brick walls, the penetration shall be made such that the aluminum 

conduit does not come in contact with concrete, CMU, brick or mortar.   

 

3.02 CONCEALED AND EMBEDDED CONDUITS 

 

A. Conduits are permitted to be installed concealed and/or embedded with the following 

requirements: 

 

1. Conduits shall not be installed horizontally when concealed within CMU walls, only 

vertical installation is acceptable. 

 

2. Conduits installed embedded within concrete floors or walls shall be located so as 

not to affect the designed structural strength of the floor or wall.  Embedded 

conduits shall be installed in accordance with Standard Detail 0331604 and ACI-

318. 

 

3. Where conduit bends emerge from concrete embedment, none of the curved 

portion of the bend shall be visible.  Only the straight portion of the bend shall be 

visible. 

 

4. Where multiple conduits emerge from concrete embedment or from concealment 

below a concrete floor, ample clear space shall be provided between conduits to 

allow for the appropriate and required conduit termination fittings to be installed. 

5. Conduits installed embedded within concrete encasement of any kind shall be 

installed such that conduit couplings for parallel conduits are staggered so that 

they are not side by side. 

 

B. Conduits are NOT permitted to be installed concealed and/or embedded for the following 

situations: 

 

1. Conduits shall not be installed embedded within any water-bearing floors or walls.  

Conduits shall not be installed embedded within any liquid containment area floors 

or walls. 
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2. Conduits shall not be installed concealed within CMU walls or gypsum walls that 

are adjacent to Class I and II hazardous areas (Division I and Division II).   

 

3. Conduits shall not be installed concealed within CMU walls or gypsum walls that 

are adjacent to indoor Type 1 or Type 2 chemical storage/transfer areas.   

 

3.03 CONDUIT USES AND APPLICATIONS 

 

A. Rigid Conduit 

 

1. Rigid conduit for non-hazardous areas shall be furnished and installed in the 

materials of construction as follows: 

RIGID CONDUIT FOR   
CONDUIT CATEGORY BY WIRING/CIRCUIT TYPE 

INSTALLATION AREA 
DESIGNATION/ SCENARIO 

Power and Control Instrumentation 

Exposed in indoor wet process areas PVC coated rigid 
galvanized steel conduit 
or rigid aluminum conduit 

Same as Power and 
Control 

Exposed in indoor dry process areas PVC coated rigid 
galvanized steel conduit 
or rigid aluminum 
conduit  

Same as Power and 
Control 

Exposed in indoor dry non-process 
areas 

Rigid galvanized steel 
conduit or rigid aluminum 
conduit 

Same as Power and 
Control 

Exposed in indoor Type 1 chemical 
storage/transfer areas 

Schedule 80 rigid non-
metallic PVC conduit 

Same as Power and 
Control 

Exposed in indoor Type 2 chemical 
storage/transfer areas 

PVC coated rigid 
galvanized steel conduit 
or rigid aluminum conduit 

Same as Power and 
Control 

Exposed in outdoor areas PVC coated rigid 
galvanized steel conduit 
or rigid aluminum conduit 

Same as Power and 
Control 

Exposed within pre-fabricated electrical 
equipment center buildings 

Electrical Metallic Tubing Same as Power and 
Control 

Concealed within underground direct-
bury or concrete-encased ductbanks 

Schedule 40 rigid non-
metallic PVC conduit 

Rigid galvanized steel 
conduit 

Concealed within non-elevated (i.e. 
"slab-on-grade" construction) concrete 
slabs 

Schedule 40 rigid non-
metallic PVC conduit 

Rigid galvanized steel 
conduit 

Concealed within elevated concrete 
slabs 

Rigid galvanized steel 
conduit 

Same as Power and 
Control 

Concealed below concrete slabs 
(within earth or fill material) 

Schedule 40 rigid non-
metallic PVC conduit 

Rigid galvanized steel 
conduit 
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RIGID CONDUIT FOR   
CONDUIT CATEGORY BY WIRING/CIRCUIT TYPE 

INSTALLATION AREA 
DESIGNATION/ SCENARIO 

Power and Control Instrumentation 

Concealed within concrete walls Schedule 40 rigid non-
metallic PVC conduit 

Rigid galvanized steel 
conduit 

Concealed within CMU walls Schedule 40 rigid non-
metallic PVC conduit or 
Electrical Metallic Tubing 

Rigid galvanized steel 
conduit or Electrical 
Metallic Tubing 

Concealed above suspended ceilings Electrical Metallic Tubing Same as Power and 
Control 

Concealed within interior walls 
constructed of metal studs and gypsum 
wall board 

Electrical Metallic Tubing Same as Power and 
Control 

Emerging from concealment within or 
below a concrete floor and transitioning 
to exposed conduit (Reference Detail 
1611102) 

PVC coated rigid 
galvanized steel conduit 

Same as Power and 
Control 

 

2. The tables for the materials of construction for conduits are intended to 

exhaustively cover all possible scenarios and installation areas under this 

Contract.  However, if a scenario or installation area is found that is not explicitly 

governed by these tables, it shall be assumed that the conduit material of 

construction is to be rigid galvanized steel.  This discrepancy shall be brought to 

the attention of the Engineer (in writing) immediately for resolution. 

 

B. Conduit Bends 

 

1. All conduit bends shall be the same material of construction as the rigid conduit 

listed in the tables above, with the following exceptions: 

 

a. All 90 degree bends or combinations of adjacent bends that form a 90 

degree bend where concealed within concrete or below a concrete slab 

shall be rigid galvanized steel. 

 

2. Field fabricated bends of metallic conduit shall be made with a bending machine 

and shall have no kinks.  Field fabricated standard radius and long radius bends 

shall have minimum bending radii in accordance with the associated tables in Part 

2 herein. 

 

3. Field bending of non-metallic conduits is not acceptable, factory fabricated bends 

shall be used. 

 

4. Long radius bends shall be furnished and installed for the following specific 

applications, all other bends shall be standard radius: 
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a. All conduits containing fiber optic cable. 

b. All conduits containing shielded VFD cable. 

c. Where specifically indicated on the Drawings. 

 

C. Flexible Conduit 

 

1. Flexible conduit shall only be installed for the limited applications specified herein.  

Flexible conduit shall not be installed in any other application without written 

authorization from the Engineer.  Acceptable applications are as follows: 

 

a. Connections to motors and engine-generator sets (and similar vibrating 

equipment) 

b. Connections to solenoid valves and limit switches 

c. Connections to lighting fixtures installed in suspended ceilings 

d. Connections to lighting transformers 

e. Connections to pre-fabricated equipment skids 

f. Connections to HVAC equipment 

g. Connections to instrument transmitters and elements 

h. Where specifically indicated in the Standard Details 

 

2. Flexible conduit length shall be limited to three (3) feet, maximum.  Flexible conduit 

shall not be installed buried or embedded within any material.   

 

3. Flexible conduit shall be furnished and installed in the materials of construction as 

follows: 

 

FLEXIBLE CONDUIT   

CONDUIT CATEGORY BY WIRING/CIRCUIT TYPE 

INSTALLATION AREA 
DESIGNATION/SCENARIO 

Power and Control Instrumentation 

Exposed in indoor wet process areas Liquid-tight flexible metal 
conduit 

Same as Power and 
Control 

Exposed in indoor dry process areas Liquid-tight flexible metal 
conduit 

Same as Power and 
Control 

Exposed in indoor dry non-process 
areas 

Flexible metal conduit Same as Power and 
Control 

Exposed in indoor Type 1 chemical 
storage/transfer areas 

Liquid-tight flexible non-
metallic conduit 

Same as Power and 
Control 

Exposed in indoor Type 2 chemical 
storage/transfer areas 

Liquid-tight flexible metal 
conduit 

Same as Power and 
Control 

Exposed in outdoor areas Liquid-tight flexible metal 
conduit 

Same as Power and 
Control 

Concealed above suspended ceilings 
(all indoor areas) 

Same material as 
exposed conduit in same 
area 

Same as Power and 
Control 
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3.04 CONDUIT FITTING USES AND APPLICATIONS 

 

A. General 

 

1. Conduit fittings shall be furnished and installed in the materials of construction as 

indicated in Part 2, herein.  Conduit fitting materials of construction are dependent 

on the material of construction used for the associated conduit.  

 

2. Conduit fittings shall be provided in the trade size and configuration required to suit 

the application.   

 

B. Conduit Bodies 

 

1. Conduit bodies shall be installed where wire pulling points are desired or required, 

or where changes in conduit direction or breaking around beams is required. 

 

2. Where conduit bodies larger than trade size 2 inches are intended to be used as 

a pull-through fitting during wire installation, oversized or elongated conduit bodies 

shall be used.  Oversized or elongated conduit bodies shall not be required if the 

conduit body is intended to be used as a pull-out point during wire installation. 

 

C. Conduit Nipples and Unions 

 

1. Conduits with running threads shall not be used in place of 3-piece couplings 

(unions) or close nipples.  After installation of a conduit fitting of any kind, there 

shall be no more than ¼ inch of exposed threads visible.  Factory fabricated all-

thread nipples may be used between adjacent enclosures, however, the same 

restriction applies regarding the length of exposed threads that are visible. 

 

D. Conduit Expansion and Deflection Fittings 

 

1. Conduit expansion fittings shall be installed where required by the NEC and where 

indicated on the Drawings.  Expansion fittings shall also be installed for exposed 

straight metallic conduit runs of more than 75 feet, in both indoor and outdoor 

locations.  Expansion fittings for runs of non-metallic conduit shall be installed in 

accordance with the NEC. 

 

2. Conduit deflection fittings shall be installed where required by the NEC and where 

conduits are installed (exposed and concealed) across structural expansion joints. 

 

E. Conduit Termination Fittings 
 
1. Where conduits terminate at enclosures with a NEMA 4, 4X, or 3R rating and the 

enclosure does not have integral conduit hubs, an appropriately sized watertight 
conduit hub shall be installed to maintain the integrity of the enclosure.  The use 
of locknuts with integral gasket in lieu of watertight conduit hubs is not acceptable. 
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2. Where conduits terminate at enclosures that do not require conduit hubs, a two-

locknut system shall be used to secure the conduit to the enclosure.  One locknut 
shall be installed on the outside of the enclosure, and the other inside, drawn tight 
against the enclosure wall.  The locknut on the interior of the enclosure shall be 
the type with integral bonding lug, or a conduit bonding bushing may be used in 
place of the locknut. 
 

3. Conduits shall not be installed such that conduit fittings penetrate the top of any 
enclosure located outdoors, except in cases where specifically required by the 
serving electric utility.  Conduits which serve outdoor equipment or an enclosure 
from above shall instead be routed into the side of the enclosure at the bottom.  
The conduit termination fitting shall be provided with a conduit drain to divert 
moisture from the raceway away from the enclosure. 

 
3.05 MISCELLANEOUS 
 

A. Conduit Periphery Sealing 
 
1. All conduit penetrations through exterior walls shall be sealed around the periphery 

using the appropriate products specified in Part 2 herein to prevent air and/or water 
entry into the structure. 
 

2. All conduit penetrations through interior walls and floors shall be sealed through 
the use of with conduit sleeves and caulk as specified in Part 2 herein.  
Alternatively, mortar may be used to seal around the conduit periphery. 
 

3. Conduit penetrations through fire-rated walls as floors shall be made with the 
appropriate fire rated penetration product. 
 

B. Conduit Interior Sealing 
 
1. All conduits (including spares) entering a structure below grade shall be sealed on 

the interior of the conduit against water ingress.  Sealing shall be at an accessible 
location in the conduit system located within the building structure and shall be via 
one of the methods specified in Part 2 herein.  If conduit sealing cannot be 
achieved at an accessible location within the building structure, sealing shall be 
placed in the conduits in the nearest manhole or handhole outside the structure.   
 

3.06 CONDUIT IDENTIFICATION 

A. Exposed conduits shall be identified at the source, load, and all intermediate components 

of the raceway system.  Examples of intermediate components include but are not limited 

to junction boxes, pull boxes, and disconnect switches.  Identification shall be by means 

of an adhesive label with the following requirements: 

 

1. Labels shall consist of an yellow background with black text.  Text for the label 

shall be the conduit number as indicated in the conduit and wire schedules. 
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2. In addition, at the source end of the conduit, a second line of text shall be included 

to indicate the load equipment name.   This second line shall consist of the word 

“TO:” and the text in the ‘TO’ column of the conduit and wire schedule (e.g. TO: 

EF-1).  At the load end of the conduit, a second line of text shall be included to 

indicate the source equipment name.  This second line shall consist of the word 

“FROM:” and the text in the ‘FROM’ column of the conduit and wire schedule (e.g. 

FROM: MCC-1).  This requirement applies only to the source and load ends of the 

conduit, and not anywhere in between. 

 

3. For conduits trade sizes ¾” through 1½”, the text shall be a minimum 18 point font.  

For conduits trade size 2” and larger, the text shall be a minimum 24 point font. 

 

4. Label height shall be ¾” minimum, and length shall be as required to fit required 

text.  The label shall be installed such that the text is parallel with the axis of the 

conduit.  The label shall be oriented such that the text can be read without the use 

of any special tools or removal of equipment. 

 

5. Labels shall be installed after each conduit is installed and, if applicable, after 

painting.  Labels shall be printed in the field via the use of a portable label printing 

system.  Handwritten labels are not acceptable. 

 

6. Labels shall be made of permanent vinyl with adhesive backing.  Labels made of 

any other material are not acceptable. 

 

B. Conduits that are not exposed but installed beneath free standing equipment enclosures 

shall be identified by means of a plastic tag with the following requirements: 

 

1. The tag shall be made of white Tyvek material, and have an yellow label with black 

text, as described above, adhered to it.  Text for the label shall be the conduit 

number as indicated in the conduit and wire schedules. 

 

2. The tag shall be affixed to the conduit by means of a nylon cable tie.  The tag shall 

be of suitable dimensions to achieve a minimum text size of 18 points. 

 

C. Conduits for lighting and receptacle circuits shall not require identification. 

 

D. Any problems or conflicts with meeting the requirements above shall immediately be 

brought to the attention of the Engineer for a decision. 

 

3.06 TESTING 
 

A. All tests shall be performed in accordance with the requirements of the General Conditions 

and Division 1.  The following tests are required: 

 

1. All conduit installed below grade or concrete encased shall be tested to ensure 

continuity and the absence of obstructions by pulling through each conduit a swab 
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followed by a mandrel 85% of the conduit inside diameter.  After testing, all 

conduits shall be capped after installation of a suitable pulling rope. 

 

3.07 TRAINING OF INSTALLATION PERSONNEL 
 

A. All Design/Builder personnel that install PVC coated RGS conduit shall be trained by the 

PVC coated RGS conduit manufacturer.  Training shall include proper conduit system 

assembly techniques, use of tools appropriate for coated conduit systems, and field 

bending/cutting/threading of coated conduit.  Training shall have been completed within 

the past 24 months prior to the Effective Date of this Contract to be considered valid.  

Design/Builder personnel not trained within this timeframe shall not be allowed to install 

coated conduit, or shall be trained/re-trained as required prior to commencement of 

conduit installation. 

 

 

- END OF SECTION - 
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SECTION 16114 
 

CABLE TRAYS 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. Under this Section, the Design/Builder shall furnish and install all cable tray systems as 
specified herein and as indicated on the Drawings.   

 
B. The Drawings indicate the general location of the trays, however, the Design/Builder shall 

install these trays in such a manner to avoid all interferences. 
 

C. The cable tray systems shall be manufactured and installed in accordance with the following: 
 

1. National Electrical Code (NEC), Article 392 - Cable Trays  
 

2. National Electrical Manufacturers Association (NEMA) Standard VE-1 - Metallic 
Cable Tray Systems 

 
3. National Electrical Manufacturers Association (NEMA) Standard VE-2 – Cable Tray 

Installation Guidelines 
 

D. The cable tray systems shall be listed and labeled by U.L. as suitable for the purpose. 
 

E. Reference Section 16000, Basic Electrical Requirements and Section 16190 Supporting 
Devices 

 
1.02 SUBMITTALS 
 

A. In accordance with the procedures and requirements set forth in Section 01 33 00 – 
Submittal Procedures, the Design/Builder shall obtain from the equipment manufacturer and 
submit shop drawings.  Each submittal shall be identified by the applicable Specification 
section. 

 
1.03 SHOP DRAWINGS 
 

A. Each submittal shall be complete in all respects, incorporating all information and data listed 
herein and all additional information required for evaluation of the proposed equipment's 
compliance with the Contract Documents. 

 
B. Partial, incomplete, or illegible submittals will be returned to the Design/Builder without 

review for resubmittal. 
 

C. Shop drawings shall include but not be limited to:  
 

1. Equipment specifications and product data sheets for trays, fittings, supports, and 
other components identifying all materials used and methods of fabrication. 
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2. Layout drawings showing plan and isometric views of each tray system.  Drawings 

shall indicate tray dimensions, support points, and other pertinent layout information. 
Drawings shall also include details for penetrations through fire rated walls, non-fire 
rated walls and bldg. exterior walls.  Penetration details shall include the applicable 
UL design designation. 

 
3. Manufacturer's instructions indicating application conditions and limitations of use 

stipulated by the specified testing agency.  Include instructions for storage, handling, 
protection, examination, preparation, and installation of the tray systems. 

 
4. Manufacturer's warranty statement. 

 
1.04 SYSTEM DESCRIPTION 
 

A. Cable tray systems shall include straight trays, fittings, covers, splice plates, barrier strips, 
and related accessory and support items. 

 
1. Power and control circuit cable tray systems shall be for support of AC power and 

control circuit cable. 
 

2. Instrumentation cable tray systems shall be for support of DC control, alarm, 
instrumentation circuits, fiber optics, and communications cable. 

 
B. Performance requirements for power and control circuit tray systems shall be as follows: 

 
1. Concentrated load supporting capacity shall be a minimum of 200 pound 

concentrated load applied to the middle 6 inches without permanent deformation. 
 

3. Uniform load supporting capacity shall be 50 pounds per linear foot when supported 
at minimum 20 feet on center with a safety factor of 1.5. 

 
C. Performance requirements for instrumentation trays shall be as follows: 

 
1. Concentrated load supporting capacity shall be a minimum of 200 pound 

concentrated load applied to the middle 6 inches without permanent deformation. 
 

2. Uniform loading capacity shall be a minimum 100 pounds per linear foot when 
supports span 20 feet on center with a safety factor of 1.5. 

 
 
PART 2 -- PRODUCTS 
 
2.01 MANUFACTURERS 
 

A. The material covered by this Specification is intended to be standard material of proven 
performance as manufactured by reputable manufacturers whose products have been in 
satisfactory use in similar service for not less than 5 years.  Material shall be fabricated, 
constructed and installed in accordance with the best practices of the trade, and shall 
operate satisfactorily when installed as specified herein and shown on the Drawings. 
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B Metallic cable tray systems shall be as manufactured by Eaton’s B-Line, Square D 
Company, or engineer approved equal. 

 
2.02 MATERIALS 
 

A. The metallic cable tray systems shall be aluminum, alloy 6063-T6 with natural finish. 
 
2.03 COMPONENTS 
 

A. Barrier strips shall be full depth capable of separating cables in tray as required by NEC. 
 
B. Fittings shall be horizontal and vertical elbows, tees, and cross fittings with minimum radii 

equal to cable bending radii as recommended by cable manufacturer.  Molded fittings shall 
be formed with a minimum 3” tangent portion following the radius. 

 
C. Furnish and install accessories such as dropouts, end plates, splice plates and mounting 

supports, clamps and other devices required for a complete installation. 
 

D. Tray bolts, nuts, washers, and fasteners shall be Type 304 or 316 stainless steel. 
 

E. Grounding conductor, to be furnished and installed to the outside tray bottom flange, shall be 
No. 2/0 bare copper, minimum. 

 
F. Lashing ties shall be provided to hold cables in place in a neat fashion.  For cables #1 AWG 

and larger installed in tray, provide fault rated cable cleats to hole cables in place under 
maximum fault current conditions.  Cable cleats shall be provided by the cable tray 
manufacturer.   

 
G. Covers shall be solid, flanged, aluminum with ½” spacers for ventilation. 
 
H. Conduit to Cable Tray Adapters shall be UL listed for the purpose. 

 
2.04 TRAY TYPES 
 

A. Power cable trays shall be NEMA Class 20A, ladder type with: 
 

1. Double or box type rungs, free of sharp edges and corners, at maximum 9 inches on 
center as required to provide adequate cable bearing surface. 

 
2. Sides of minimum 5-3/8 inch interior cable loading depth for metallic trays.   

 
3. Widths as indicated on the approved shop drawings. 

 
B. Control and instrumentation circuit cable trays shall be NEMA Class 20A, c ladder type with: 

 
1. Double or box type rungs, free of sharp edges and corners, at maximum 6 inches on 

center as required to provide adequate cable bearing surface. 
 

2. Sides of minimum 5-3/8 inch interior cable loading depth for metallic trays.   
 

3. Widths as indicated on the approved shop drawings. 
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PART 3 -- EXECUTION 
 
3.01 INSTALLATION 
 

A. Install the cable tray systems in accordance with NEMA Standards VE-2, the National 
Electrical Code (NEC), NFPA 70B, and the manufacturer's instructions. 

 
B. Support the tray systems as required by NEMA VE-2.  Cantilever tray systems from walls or, 

when conditions dictate, suspend trays from ceiling or structure or from ground mounted 
support framing.  Space support brackets at least once per straight section.  Provide tray 
supports with channels under entire width of tray.  Cable tray fitting supports shall be 
located such that they meet the strength requirements of straight sections.  Install fitting 
supports per NEMA VE-2 guidelines, or in accordance with manufacturer's instructions.  
Submit proposed support system to Engineer for review. 
 

C. Install cable tray 2 inches from wall surfaces, and with a minimum of 18 inches between the 
ceiling and tray bottom and between tray bottoms vertically to provide no less than 12” of 
space to access cables from the sides of the cable tray.  Where multiple trays are installed 
parallel to each other and at the same elevation, working space shall be provided between 
the cable trays to provide access to the cables.  
 

D. Secure tray to supports with fittings approved for the purpose in accordance with tray 
manufacturer.  Do not weld trays to supports.  Where aluminum trays are supported on steel 
supports, separate and isolate aluminum and steel in accordance with Section 16190 - 
Supporting Devices. 
 

E. Install expansion joints at a minimum of every 100’ on straight runs and as recommended by 
tray manufacturer.  Expansion joints shall be provided concurrent with building / structure 
expansion joints. 
 

F. Securely bond a grounding conductor with lugs to the outside of tray bottom flange for 
metallic trays.  Run grounding conductor continuously for the full length of tray system.  
Attach grounding conductor to the facility grounding system.  Verify continuity of the bond by 
a resistance test. 
 

G. Group cables in trays by circuit type.  Lash grouped cables with lashing ties at 
approximately 36 inches on center for vertical runs and at approximately 10 feet on center 
for horizontal runs.  Put sharp ends of lashing ties under cable tray runs or where ties will 
not damage the cable jacket or insulation.  Label the cable groups to identify the circuit or 
cable group by plan designation. 
 

H. Cable trays installed where subject to foot traffic, shall be provided with suitable heavy duty 
covers to prevent damage to the cable. 
 

I. Cable Trays shall be installed parallel to or at right angles to ceilings, walls and structural 
members. 
 

J. Cable Trays shall not penetrate fire rated walls.  Where it is necessary for cables to extend 
through a fire rated wall, the cable tray shall stop 10” from each side of the wall and steel 
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conduit nipples with bushings shall be installed through the wall and sealed according to the 
appropriate UL design detail.  The required grounding conductor shall be extended through 
the wall to bond both cable tray sections together.  
 

K. Cable trays shall not penetrate exterior walls, or walls separating different environments, 
such as an air-conditioned space verses a non-air conditioned space.  Where it is 
necessary for cables to extend through such a wall, a through-wall adapter shall be used or 
the cable tray shall stop 10” from each side of the wall and steel conduit nipples with 
bushings shall be installed through the wall and sealed to prevent air movement from one 
space to another.  The required grounding conductor shall be extended through the wall to 
bond both cable tray sections together. 

 
L. Cables shall not be spliced within cable tray. 
 
M. Conduits carrying cables entering or leaving the cable tray shall be UL listed for the purpose 

and securely attached to the cable tray.   
 
N. Cable trays shall not be installed above suspended or lay-in type ceilings unless approved 

by the engineer. 
 

O. The cable tray mechanically continuous and shall provide continuous support of the cables 
contained within it from origin to destination or conduit to cable tray adapter.     
 

P. Lighting or receptacle circuitry shall not be installed in cable tray.   
 

Q. Separate cable trays shall be provided for power and control cables.  Discreet and analog 
control cables may share a common cable tray, but shall be separated with a metallic barrier 
strip securely attached to the cable tray rungs.        
 

R. Where several cables leave the main trunk cable tray in the same direction, a smaller cable 
tray may be used in place of multiple conduits. 

 
3.02 PROTECTION 
 

A. Protect the tray systems until accepted by Owner. 
 
3.03 WARNING LABELS 
 

A. Furnish and install warning labels with black letters on a yellow background which reads as 
follows: 

 
WARNING!  DO NOT USE CABLE TRAY AS A WALKWAY, LADDER, OR SUPPORT.  
USE ONLY AS A MECHANICAL SUPPORT FOR CABLES! 

 
B. Install warning labels at 10 feet intervals along the length of the tray system, located to be 

visible. 
 
 
 

- END OF SECTION - 
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SECTION 16118 
 

UNDERGROUND ELECTRICAL 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish and install underground duct systems and electric and 
instrumentation handholes as specified herein and as indicated on the Drawings.  The 
work shall be complete and shall include excavation, concrete construction, backfilling, 
and all materials, items, and components required for a complete system. 

 
B. The provisions of this Division are applicable to all underground conduit work.  All work 

shall be coordinated with that of the various utility companies and other Design/Builders.  
The Design/Builder shall adhere to all utility company requirements including the serving 
electric utility for all service entrance equipment. 

 
C. Reference Section 16000, Basic Electrical Requirements; Section 16111, Conduit; 

Section 16170, Grounding and Bonding; the applicable sections of Division 2, Sitework; 
Section 03200, Reinforcing Steel; and 03300, Cast-In-Place Concrete. 

 
1.02 CODES AND STANDARDS 
 

A. Products specified herein shall be designed, manufactured, and/or listed to the following 
standards as applicable: 
 
1. AASHTO H20 

 
2. ANSI/SCTE 77-2010 – Specification for Underground Enclosure Integrity 

 
1.03 SUBMITTALS 
 

A. In accordance with the procedures and requirements set forth in the General Conditions 
and Section 01 33 00 – Submittal Procedures, the Design/Builder shall obtain from the 
equipment manufacturer and submit Shop Drawings.  Each submittal shall be identified 
by the applicable Specification Section. 

 
1.04 SHOP DRAWINGS 
 

A. Each submittal shall be complete in all respects, incorporating all information and data 
listed herein and all additional information required for evaluation of the proposed 
equipment's compliance with the Contract Documents. 

 
B. Partial, incomplete, or illegible submittals will be returned to the Design/Builder without 

review for resubmittal. 
 

C. Shop drawings shall include but not be limited to, the following:   
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1. Product data sheets. 
 

2. Outline and dimensional drawings including detailed sections of the manholes 
and/or handholes. 

 
1.04 IDENTIFICATION 
 

A. Each electric handhole cover shall be lettered with the word “Electric”, the handhole 
identification number (e.g. EHH-1, EHH-2, etc.), manufacturer's name or trademark, and 
such other information as the manufacturer may consider necessary, or as specified, for 
complete identification.   
 

B. Each instrumentation handhole cover shall be lettered with the word “Instrumentation”, the 
handhole identification number (e.g. IHH-1, IHH-2, etc.), manufacturer's name or 
trademark, and such other information as the manufacturer may consider necessary, or 
as specified, for complete identification.   

 
 
PART 2 -- PRODUCTS 
 
2.01 MANUFACTURERS 
 

A. The material covered by this Specification is intended to be standard material of proven 
performance as manufactured by reputable concerns.  Material shall be fabricated, 
constructed and installed in accordance with the best practices of the trade, and shall 
operate satisfactorily when installed as specified herein and indicated on the Drawings. 

 
2.02 DUCT SYSTEM 
 

A. Underground duct system shall consist of parallel runs of Schedule 40 PVC conduit or 
PVC coated rigid galvanized steel conduit encased in concrete envelopes, unless 
otherwise specified herein or indicated on the Drawings. 

 
B. Nonmetallic conduit joints shall be made with standard Schedule 40 PVC couplings and 

PVC solvent cement of the same manufacturer as the conduit.  All PVC conduit shall be 
supplied by the same manufacturer.  All joints shall be staggered, installed in accordance 
with the manufacturer’s recommendations, and made watertight. 

 
C. Base and intermediate conduit spacers shall be furnished to provide a minimum of two-

inch (2”) separation between conduits.  Conduit spacers shall be provided in the proper 
size as required for the conduit that they secure.  For example, a 4” conduit spacer shall 
not be used to secure a 2” conduit.  Conduit spacers shall be as manufactured by Carlon 
Electrical Products Company, Aeroquip Corporation, Underground Devices, Incorporated, 
or equal.  Design/Builder may submit alternate means to support and space conduits for 
approval by the Engineer. 

 
D. All 90 degree conduit elbows and/or combinations of adjacent conduit elbows that form a 

90 degree bend shall rigid galvanized steel conduit. 
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2.03  ELECTRIC AND INSTRUMENTATION HANDHOLES 
 

A. The electric and instrumentation handholes shall be a precast polymer concrete enclosure 
suitable for use as part of an underground electric raceway system.  The enclosure shall 
meet or exceed the requirements of ANSI/SCTE 77-2010.   

 
B. The enclosure and cover design and test load rating shall be Tier 15. 
 
C. The enclosure shall be the straight side design to allow easy adjustment of box to grade.  

The box shall be stackable for increased depth.   
 
D. Handhole opening size shall be as required to suit the application, 6” X 8”, minimum. 
 
E. Extra heavy duty covers shall be furnished and installed with Tier 15 enclosures.  Covers 

shall be provided with cover hooks. 
 
F. The electric handholes shall be Style “PG” or “PC” (as required) Quazite boxes as 

manufactured by Hubbell, Pencell Plastics equivalent, Highline Products equivalent, or 
equal. 

 
2.04  IN-ROAD ELECTRIC AND INSTRUMENTATION HANDHOLES 
 

A. The electric and instrumentation handholes shall be a precast concrete enclosure suitable 
for use as part of an underground electric raceway system.  The enclosure shall meet or 
exceed the requirements of ANSI/SCTE 77-2010.   

 
B. The enclosure and cover design and test load rating shall be ASHTO H20. 
 
C. The enclosure shall be the straight side design to allow easy adjustment of box to grade.   
 
D. Handhole opening size shall be as required to suit the application, 12” X 12”, minimum. 
 
E. Extra heavy duty covers shall be furnished and installed with H20 enclosures.  Covers shall 

be provided with cover hooks. 
 

 
PART 3 -- EXECUTION 
 
3.01 GENERAL 
 

A. The underground duct system and handholes shall be installed as specified herein, 
indicated on the Drawings, and in accordance with manufacturers’ instructions. 

 
3.02 DUCT SYSTEM 
 

A. All underground conduit shall be encased in concrete and shall be reinforced.  
Encasement and reinforcement shall be as indicated in the standard details.  Concrete 
shall be furnished and installed in accordance with Section 03300.  Reinforcing steel shall 



 

Sustainable Water Phase 3 –  Underground Electrical – REV 0 
Demonstration Facility 16118-4 IFC June 2017 

be furnished and installed in accordance with Section 03200.  Concrete electrical duct 
banks shall contain red dye. 

 
B. Concrete pours shall be complete from handhole to handhole and from manhole to 

manhole where practicable.  Partial pours in general shall not be permitted.  Where a 
complete pour is impractical, written authorization shall be obtained from the Engineer for 
the partial pour. 

 
C. Conduit ductbank elevations at the handholes shall be based on minimum ductbank cover 

as indicated in the standard details, or deeper to avoid conflicts with other obstacles.  
Where deviation is necessary to clear unforeseen obstacles, the elevations may be 
changed after authorization by the Engineer. 

 
D. Slope all conduits continuously away from structures and buildings with a minimum slope 

of 3” per 100’ unless otherwise indicated on the Drawings. 
 

E. The minimum clearance from the top of the concrete encasement and finished grade shall 
be as indicated in the standard details, except where otherwise accepted in writing by the 
Engineer or shown on the Drawings. 

 
F. Care shall be exercised during excavation for the duct banks to prevent digging too deep.  

Backfilling of low spots with earth fill will not be permitted unless thoroughly compacted 
and acceptable to the Engineer. 

 
G. Where no specific ductbank arrangement is shown on the Drawings, the Design/Builder 

shall arrange conduits within each ductbank based on field conditions.    Spare conduits 
shown going from ductbanks into buildings or structures shall be stubbed up in the 
location(s) as indicated on the Drawings. 

 
H. A minimum of one (1) ground rod, furnished in accordance with Section 16170, shall be 

driven adjacent to each manhole, handhole, or other concrete box.  A No. 4/0 AWG bare 
copper ground cable shall be connected between this rod and the copper ground strap 
using a silicon bronze connector.  All ground rods shall be interconnected by means of the 
No. 4/0 AWG bare copper ground cable located within each duct bank.  The ends of these 
cables shall also be connected to substation and/or building ground buses where the 
conduits terminate. 

 
I. Care shall be exercised and temporary plugs shall be installed during installation to 

prevent the entrance of concrete, mortar, or other foreign matter into the conduit system.  
Conduit spacers shall be utilized to support conduit during the pouring of concrete to 
prevent movement and misalignment of the conduits.  Conduit spacers shall be installed 
in accordance with manufacturer’s instructions unless otherwise noted.  Horizontal 
spacing of conduit spacers along ductbank shall be as indicated on the Standard Details. 

 
J. Large radius elbows shall be used for all 90 degree conduit bends in the duct system.  The 

following shall be the minimum elbow radii: 
 

TRADE SIZE 1” 1 ½” 2” 2 ½” 3” 3 ½” 4” 

MIN. RADIUS 12” 24” 24” 24” 36” 36” 48” 
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K. Prior to pulling cables, the Design/Builder shall thoroughly clean the inside of each length 
of conduit by swabbing.   

 
L. After all cables have been installed, all spare and/or unused conduit openings shall be 

sealed or plugged as specified in Section 16111.  A 250 lb. test pull rope shall be provided 
in the entire length of all spare and/or unused conduits. 

 
M. Where connections to existing underground conduits are indicated, excavate to the 

maximum depth necessary.  After addressing the existing conductors, cut the conduits 
and remove loose concrete from the conduits before installing new concrete encased 
ducts.  Provide a reinforced concrete collar, poured monolithically with the new duct line, 
to take the shear at the joint of the duct lines. 

 
N. Construct concrete-encased conduits connecting to underground structures to have a 

flared section adjacent to the manhole to provide shear strength.  Construct underground 
structures to provide shear strength.  Construct underground structures to provide for 
keying the concrete encasement of the duct line into the wall of the structure.  Use 
vibrators when this portion of the encasement is poured to ensure a seal between the 
encasement and the wall of the structure. 

 
O. Six (6) inches above all duct banks, the Design/Builder shall furnish and install a two (2) 

inch wide red plastic electrical hazard tape.  Tapes shall be metallic detectable type and 
shall have a continuous message in bold black letters:  “ELECTRIC LINE BURIED 
BELOW.”  Tape shall be Detectable Identoline by Brady, or equal. 

 
P. The Design/Builder shall perform all earthwork including excavation, backfill, bedding, 

compaction, shoring and bracing, grading and restoration of surfaces and seeded areas 
disturbed during the execution of the work. 

 
3.04 ELECTRIC AND INSTRUMENTATION HANDHOLES 
 

A. Electric and instrumentation handholes shall be installed to a sufficient depth to 
accommodate the required grading of ducts as well as maintaining a minimum distance of 
9” from the bottom of the lowest duct centerline entrances to finished floor line and/or 
highest duct centerline entrance to roof.  All handholes shall be built on, or placed over a 
6” layer of well-tamped gravel. 

 
B. Duct envelopes and conduit with bell ends shall enter at approximately right angles to the 

walls, except as may otherwise be shown on the Drawings. 
 
C. All fully assembled handholes shall be completely watertight. 
 
D. All individual cables and/or bundles of conductors shall be identified and “dressed” along 

the wall of the enclosure.  Cable racks as specified herein shall be provided if any 
handhole dimension exceeds 24 inches. 

 
3.05 TESTING 
 

A. All tests shall be performed in accordance with the requirements of the General Conditions 
and Division 1.  The following tests are required: 
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1. Field tests 
 

a. Field tests for all completed duct systems shall consist of pulling a swab 
through each conduit followed by a mandrel equal in size to 85% of the 
conduit inside diameter.   

 
b. After testing, all conduits shall be capped after installation of a suitable pull 

rope.  All field tests shall be witnessed by the Engineer. 
 
 
 

- END OF SECTION - 
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SECTION 16123 
 

LOW VOLTAGE WIRE AND CABLE 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish, install, connect, test, and place in satisfactory operating 
condition, all low voltage wire and cable indicated on the Drawings and as specified herein 
and/or required for proper operation.  The work of connecting cables to equipment and 
devices shall be considered a part of this Section.  All appurtenances required for the 
installation of cable and wire systems shall be furnished and installed by the 
Design/Builder.   

 
B. The scope of this Section does not include internal wiring factory installed by electrical 

equipment manufacturers.  
 

C. Reference Section 16000, Basic Electrical Requirements; Section 16111, Conduit; 
Section 16118, Underground Electrical; and Section 16130, Boxes. 

 
1.02 SUBMITTALS 
 

A. In accordance with the procedures and requirements set forth in the General Conditions 
and Section 01 33 00 – Submittal Procedures, the Design/Builder shall obtain from the 
wire and cable manufacturer and submit the following: 

 
1. Shop Drawings 

 
2. Reports of Field Tests 

 
3. Wiring Identification Methods 

 
B. Each submittal shall be identified by the applicable specification section. 

 
1.03 SHOP DRAWINGS 
 

A. Each submittal shall be complete in all respects, incorporating all information and data 
listed herein and all additional information required for evaluation of the proposed 
material's compliance with the Contract Documents. 

 
B. Partial, incomplete, or illegible Submittals will be returned to the Design/Builder without 

review for resubmittal. 
 

C. Shop drawings shall include but not be limited to: 
 

1. Product data sheets. 
 

2. Wiring identification methods and materials. 
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1.04 IDENTIFICATION 
 

A. Each cable shall be identified as specified in Part 3, Execution, of this Specification. 
 
 
PART 2 -- PRODUCTS 
 
2.01 MANUFACTURERS 
 

A. The wire and cable to be furnished and installed for this project shall be the product of 
manufacturers who have been in the business of manufacturing wire and cable for a 
minimum of ten (10) years.  Wire and cable shall be designed, constructed and installed 
in accordance with the best practices of the trade, and shall operate satisfactorily when 
installed as specified herein and indicated on the Drawings.   

 
B. The wire and cable manufacturer shall be ISO 9000 registered. 

 
2.02 POWER WIRE AND CABLE 
 

A. Power cable and wire  shall consist of stranded, copper conductor with insulation type 
THHN, 90°C for dry locations and THWN, 75°C for wet locations. 

 
B. Conductors shall be stranded copper per ASTM-B8 and B-3, and Class B or C stranding 

contingent on the size unless otherwise specified.  Minimum size wire shall be No. 12 
AWG. 

 
C. Multi-conductor power cable assemblies shall be UL 1277 Listed, provided with a bonding 

conductor, and furnished with an overall PVC jacket.  Provide type TC-ER for all cable 
dropping from cable trays without protection and type TC or TC-ER for protected cable. 

 
D. Power wire and cable shall be as manufactured by the Okonite Company, the Southwire 

Company, General Cable, or equal. 
 
2.03 CONTROL CABLE 
 

A. 600 volt control cable shall consist of stranded, copper conductor with insulation type 
THHN, 90°C for dry locations and THWN, 75°C for wet locations, and 600V.   

 
B. Conductors shall be stranded copper per ASTM B-8 and B-3, and Class B or C stranding 

contingent on the size unless otherwise specified.  Minimum wire size shall be No. 14 
AWG. 

 
C. Multi-conductor control cable assemblies shall be UL 1277 Listed, provided with a bonding 

conductor, and furnished with an overall PVC jacket.  Provide type TC-ER for all cable 
dropping from cable trays without protection and type TC or TC-ER for protected cable. 

 
D. Control cable shall be as manufactured by the Okonite Company, the Southwire 

Company, General Cable, or equal. 
 
 
 
2.04 LIGHTING AND RECEPTACLE WIRE  
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A. The lighting and receptacle branch circuit wire shall consist of stranded, copper 

conductors with insulation type THHN, 90°C for dry locations and THWN, 75°C for wet 
locations. 

 
B. Conductors shall be stranded copper per ASTM-B8 and B-3, and Class B or C stranding 

contingent on the size unless otherwise specified.  Minimum size wire shall be No. 12 
AWG. 

 
C. Lighting and receptacle wire shall be as manufactured by the Okonite Company, the 

Southwire Company, General Cable, or equal. 
 
2.05 INSTRUMENTATION CABLE 
 

A. The instrumentation cable for analog signals shall be single, shielded, twisted pairs or 
triads with 600 volt insulation and shall have a 75°C (minimum) insulation rating. 

 
B. Conductors shall be tin or alloy coated (if available), soft, annealed copper, stranded per 

ASTM-B8, Class B stranding unless otherwise specified.  Minimum size wire shall be 
No. 16 AWG. 

 
C. The instrumentation cable shall be Okoseal-N Type P-OS for single pair or triad 

applications and Okoseal-N Type SP-OS for multiple pair or triad applications as 
manufactured by the Okonite Company, Belden equivalent, Southwire Company 
equivalent, or equal. 

 
D. Instrumentation cable installed in cable tray shall be UL listed type TC-ER for all cable 

dropping from cable trays without protection and type TC or TC-ER for protected cable. 
 
2.06 SHIELDED VFD CABLE 
 

A. Where indicated on the Drawings, shielded VFD cable shall be provided for motors 
controlled by VFDs.  The cable shall be 600V/1000V rated, with stranded tinned copper 
conductors, shielded, suitable for use with variable frequency drives.  Cable shall be 
suitable for use in wet/dry locations, indoors and outdoors, in cable trays, in conduits, 
trenches, and in underground ducts and direct burial.  The conductor shall be annealed 
stranded tinned copper per ASTM B3, B8, and B33.   

 
B. The conductor shall be annealed stranded tinned copper per ASTM B3, B8, and B33.  The 

insulation shall be rated for 90 degrees Celsius Wet/Dry operating temperature. The 
insulation material shall be XLPE with a XHHW-2 listing per UL 44.  The insulated 
conductors shall be cabled together with three (3) symmetrically placed ground wires. The 
ground wires shall have a minimum circular mil area equivalent to one circuit conductor. 
Fillers shall be included as necessary to make the cable round. 

 
C. The cabled assembly shall be shielded by applying helically a 5 mil copper tape. The shield 

shall provide 100% coverage over the assembly.  All cables shall have a continuous 
overall outer jacket of Polyvinyl Chloride (PVC), suitable for 90°C use.  The jacket shall be 
resistant to abrasion, rated for direct burial, sunlight resistant and flame resistant in 
accordance with UL 1277.  Cable shall be as manufactured by Belden Wire and Cable, 
Okonite, General Cable, or AmerCable Inc. 
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D. VFD cable installed in cable tray shall be UL listed type TC-ER for all cable dropping from 
cable trays without protection and type TC or TC-ER for protected cable. 

 
2.07 CONDUCTOR IDENTIFICATION 
 

A. Conductors shall be identified using a color coding method.  Color coding for individual 
power, control, lighting, and receptacle conductors shall be as follows: 

 
1. 480/277V AC Power 

 
    Phase A - BROWN 
    Phase B - ORANGE 
    Phase C - YELLOW 
    Neutral – GREY 
 

2. 120/208V or 120/240V AC Power 
 

    Phase A - BLACK 
    Phase B - RED 
    Phase C - BLUE 
    Neutral - WHITE 

 
3. DC Power 

 
    Positive Lead - RED 
    Negative Lead - BLACK 

 
4. DC Control 

 

    All wiring - BLUE 
 
5. 120VAC Control 

 
   120 VAC control wire shall be RED except for a wire entering a motor control 

center compartment or control panel which is an interlock.  This interlock 
conductor shall be color coded YELLOW. 

 
6. 24VAC Control 

 
    All wiring - RED 

 
7. Equipment Grounding Conductor 

 
    All wiring - GREEN 

 
B. Individual conductors No. 2 AWG and smaller shall have factory color coded insulation.  It 

is acceptable for individual conductors larger than No.2 AWG to be provided with factory 
color coded insulation as well, but it is not required.  Individual conductors larger than No.2 
AWG that are not provided with factory color coded insulation shall be identified by the 
use of colored tape in accordance with the requirements listed in Part 3 herein.  Insulation 
colors and tape colors shall be in accordance with the color coding requirements listed 
above.  
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C. Conductors that are a part of multi-conductor control cable assemblies shall have black 

insulation.  The conductor number shall be printed on each conductor’s insulation in 
accordance with ICEA S-58-679, Method 4.  Each conductor within the cable assembly 
shall also be identified with a heat shrink tag with color coded background in accordance 
with the requirements listed in Part 3 herein.  Background color shall be in accordance 
with the color coding requirements listed above. 

 
D. Conductors that are a part of multi-conductor power cable assemblies shall have black 

insulation.  The conductor number shall be printed on each conductor’s insulation in 
accordance with ICEA S-58-679, Method 4.  Each conductor No.2 AWG and smaller within 
the cable assembly shall also be identified with a heat shrink tag with color coded 
background.  Each conductor larger than No.2 AWG within the cable assembly shall also 
be identified by the use of colored tape.  Heat shrink tags and colored tape shall be in 
accordance with the requirements listed in Part 3 herein.  Tape color and heat shrink tag 
background color shall be in accordance with the color coding requirements listed above. 

 
2.08 CABLE PULLING LUBRICANTS 
 

A. Cable pulling lubricants shall be non-hardening type and approved for use on the type of 
cable installed.  Lubricant shall be Yellow #77 Plus by Ideal, Cable Gel by Greenlee, Poly-
Gel by Gardner Bender, or equal. 

 
 
PART 3 -- EXECUTION 
 
3.01 POWER, CONTROL, AND LIGHTING/RECEPTACLE WIRE AND CABLE 
INSTALLATION 
 

A. The wire and cable shall be installed as specified herein and indicated on the Drawings. 
 

B. The cables shall be terminated in accordance with the cable and/or termination product 
manufacturer's instructions for the particular type of cable. 

 
C. To minimize oxidation and corrosion, wire and cable shall be terminated using an oxide-

inhibiting joint compound recommended for "copper-to-copper" connections.  The 
compound shall be Penetrox E as manufactured by Burndy Electrical, or equal. 

 
D. Splices shall not be allowed in the underground manhole and handhole systems.  If splices 

are required, the Design/Builder shall obtain approval in writing from the Engineer prior to 
splicing.  Splicing materials shall be barrel type butt splice connectors and heat shrink 
tubing as manufactured by 3M, Ideal, or equal.  No splicing of instrumentation cable is 
allowed.  The use of screw-on wire connectors (wire nuts) shall only be permitted for 
lighting and receptacle circuits.   

 
E. Wire and Cable Sizes 

 
1. The sizes of wire and cable shall be as indicated on the Drawings, or if not shown, 

as approved by the Engineer.  If required due to field routing, the size of conductors 
and respective conduit shall be increased so that the voltage drop measured from 
source to load does not exceed 2-1/2%. 
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F. Additional Conductor Identification 
 
1. In addition to the color coding identification requirements specified in Part 2 herein, 

individual conductors shall be provided with heat shrinkable identification tags.  
Identification tags for individual conductors shall have a white background where 
the conductor insulation is colored.  Identification tags for individual conductors 
shall have a colored background where the conductor insulation is black.  
Background color shall match that of the taping provided on the individual black 
conductors.   

 
2. Multi-conductor cables shall be provided with heat shrinkable identification tags in 

accordance with Part 2 herein.   
 
3. All wiring shall be identified at each point of termination.  This includes but is not 

limited to identification at the source, load, and in any intermediate junction boxes 
where a termination is made.  The Design/Builder shall meet with the Owner and 
Engineer to come to an agreement regarding a wire identification system prior to 
installation of any wiring.  Wire numbers shall not be duplicated. 

 
4. Wire identification shall be by means of a heat shrinkable sleeve with appropriately 

colored background and black text.  Wire sizes #14 AWG through #10 AWG shall 
have a minimum text size of 7 points.  Wire sizes #8 AWG and larger shall have a 
minimum text size of 10 points.  Sleeves shall be of appropriate length to fit the 
required text.  The use of handwritten text for wire identification shall not be 
permitted. 

 
5. Sleeves shall be suitable for the size of wire on which they are installed.  Sleeves 

shall not be heat-shrunk onto control cables.  Tags shall remain loose on cable to 
promote easier identification.  For all other applications, sleeves shall be tightly 
affixed to the wire and shall not move.  Sleeves shall be heat shrunk onto wiring 
with a heat gun approved for the application.  Sleeves shall not be heated by any 
means which employs the use of an open flame.  The Design/Builder shall take 
special care to ensure that the wiring insulation is not damaged during the heating 
process. 

 
6. Sleeves shall be installed prior to the completion of the wiring terminations and 

shall be oriented so that they can be easily read. 
 
7. Sleeves shall be polyolefin as manufactured by Brady, Seton, Panduit, or equal.   

 
8. Wire identification in manholes, handholes, pull boxes, and other accessible 

components in the raceway system where the wiring is continuous (no terminations 
are made) shall be accomplished by means of a tag installed around the bundled 
group of individual conductors or around the outer conductor jacket of a multi-
conductor cable.  Identification shall utilize a FROM-TO system.  Each group of 
conductors shall consist of all of the individual conductors in a single conduit or 
duct.  The tag shall have text that identifies the bundle in accordance with the 
‘FROM’ and ‘TO’ column for that particular conduit number in the conduit and wire 
schedule.  Minimum text size shall be 10 point.  The tag shall be affixed to the wire 
bundle by the use of nylon wire ties, and shall be made of polyethylene as 
manufactured by Brady, Seton, Panduit, or equal. 
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9. Where colored tape is used to identify cables, it shall be wrapped around the cable 
with a 25% overlap and shall cover at least 2 inches of the cable. 

 
H. Wiring Supplies 

 
1. Only electrical wiring supplies manufactured under high standards of production 

and meeting the approval of the Engineer shall be used.    
 

2. Rubber insulating tape shall be in accordance with ASTM Des. D119.  Friction tape 
shall be in accordance with ASTM Des. D69. 

 
I. Training of Cable 

 
1. The Design/Builder shall furnish all labor and material required to train cables 

around cable vaults within buildings and in manholes and handholes in the outdoor 
underground duct system.  Sufficient length of cable shall be provided in each 
handhole, manhole, and vault so that the cable can be trained and racked in an 
approved manner.  In training or racking, the radius of bend of any cable shall be 
not less than the manufacturer's recommendation.  The training shall be done in 
such a manner as to minimize chaffing.  Reference Section 16118. 

 
2. Instrumentation cable shall be racked separate from other AC and DC wiring to 

maintain the required separation as follows: 
 
 a. 18 inches for 480/277VAC wiring 
 
 b. 12 inches for 208/120VAC wiring 
 
 c. 6 inches for 24VDC wiring 

 
J. Conductor Terminations 

 
1. Where wires are terminated at equipment which requires lugs, connections shall 

be made by solderless mechanical lug, crimp type ferrule, or irreversible 
compression type lugs.  Reference individual equipment specification sections as 
applicable for additional termination requirements. 

 
2. Where enclosure sizes and sizes of terminals at limit switches, solenoid valves, 

float switches, pressure switches, temperature switches, and other devices make  
terminations impractical due to the size of the field wiring, the Design/Builder shall 
terminate field wiring in an adjacent junction per the requirements of Section 
16130, Boxes, complete with terminal strips.  Design/Builder shall install the 
smaller wiring from the device to the junction box in a conduit, using the terminal 
strip as the means for joining the two different wire sizes.  Splicing of wires in lieu 
of using terminal strips is not acceptable.   

 
3. All spare conductors shall be terminated on terminal blocks mounted within 

equipment or junction boxes.  Unless otherwise noted, coiling up of spare 
conductors within enclosure is not acceptable. 

 
K. Pulling Temperature 
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1. Cable shall not be flexed or pulled when the temperature of the jacket is such that 
damage will occur due to low temperature embrittlement.  When cable will be 
pulled with an ambient temperature of 40°F or less within a three (3) day period 
prior to pulling, the cable reels shall be stored three (3) days prior to pulling in a 
protected storage area with an ambient temperature of 55°F or more.  Cable pulling 
shall be completed during the work day for which the cable is removed from the 
protected storage.  Any remaining cable reels shall be returned to storage at the 
completion of the workday. 

 
3.02 INSTRUMENTATION CABLE INSTALLATION 
 

A. The Design/Builder shall install all cable or conductors used for instrumentation wiring 
(4-20 mA DC, etc.) in conduit as specified in Section 16111 - Conduit.  Only 
instrumentation cable as specified herein shall exclusively occupy these conduits.  No 
other wiring for AC or discrete DC circuits shall be installed in these conduits. 

 
B. All shielding shall be continuous and shall be grounded at one point only. 

 
C. Where instrumentation cables are installed in panels, manholes, handholes, and other 

locations, the Design/Builder shall arrange wiring to provide maximum clearance between 
these cables and other conductors.  Instrumentation cables shall not be installed in same 
bundle with conductors of other circuits. 

 
D. Special instrument cable shall be as specified or recommended by the manufacturer of 

the equipment or instruments requiring such wiring.  Installation, storage, and 
terminations, shall be per manufacturer's recommendations. 

 
3.03 SHIELDED VFD CABLE INSTALLATION 
 

A. The Design/Builder shall install all cable or conductors used for shielded VFD cable in 
conduit as specified in Section 16111 - Conduit.  Only shielded VFD cable as specified 
herein shall exclusively occupy these conduits.  No other wiring shall be installed in these 
conduits. 

 
3.04 FIBER OPTIC CABLE INSTALLATION 
 

A. The Design/Builder shall install the fiber optic cable furnished by the General 
Design/Builder and/or the Instrumentation and Control SubDesign/Builder.  The cable 
shall be installed in its respective raceway system(s) as specified herein, indicated on the 
Drawings, and in accordance with the cable manufacturer's instructions.  Reference 
Division 17 for additional information regarding the fiber optic cable. 

 
3.05 TESTING 
 

A. All testing shall be performed in accordance with the requirements of the General 
Conditions and Division 1.  The following tests are required: 

 
1. Shop Test 

 
a. Cable and wiring shall be tested in accordance with the applicable ICEA 

Standards.  Wire and cable shall be physically and electrically tested in 
accordance with the manufacturer’s standards. 
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2. Field Tests 

 
a. After installation, all wires and cables shall be tested for continuity.  Testing 

for continuity shall be “test light” or “buzzer” style. 
 
b. After installation, some wires and cables shall be tested for insulation 

levels.  Insulation resistance between conductors of the same circuit and 
between conductor and ground shall be tested.  Testing for insulation levels 
shall be as follows: 

 
(1) For #8 AWG and larger 600V power and control cable, apply 1,000 

VDC from a Megaohmeter for one (1) minute for all 600V wires and 
cables installed in lighting, control, power, indication, alarm and 
motor feeder circuits.  Resistance shall be no less than 100 
Megaohms.  Insulation testing is not required for power and control 
cables smaller than #8 AWG. 

 
(2) 600V instrumentation signal cable shall be tested from conductor to 

conductor, conductor to shield, and conductor to ground using a 
Simpson No. 260 volt-ohmmeter, or approved equal.  The 
resistance value shall be 200 Megaohms or greater. 

 
B. Wires and cables shall be tested before being connected to motors, devices or terminal 

blocks. 
 

C. If tests reveal defects or deficiencies, the Design/Builder shall make the necessary repairs 
or shall replace the cable as directed by the Engineer, without additional cost to the Owner. 

 
D. All tests shall be made by and at the expense of the Design/Builder who shall supply all 

testing equipment.  Test reports shall be submitted to the Engineer. 
 
 

- END OF SECTION - 
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(EXHIBIT A) 
TEST DATA - MEGOHMS 

TEST NO. ____ 
 
Date: 
 

 
Company: 

 
Time: 
 

 
Location: 

 
Circuit: 
 

 
Circuit Length: 

 
Aerial: 

 
Duct: 

 
Buried: 

 
No. of Conduc- 
tors 
 
 
 
 

 
Size: 

 
AMG 
MCM 
Shld: 

 

Insulation Material: 
 
Insulation Thickness: 
 
 
 

 
Voltage Rating: 

 
Age: 

 
Type:   _____Pothead    ______Terminal 

 
Location: Indoors______ 
 

Outdoors_____ 
 

 
Number and Type of Joints: 
 

 
Recent Operating History: 
 
 
 
 

 
Manufacturer: 
 

 
State if Potheads or Terminals were grounded during test: 
 
 

 
List associated equipment included in test: 
 
 
 
 

 
Miscellaneous Information: 
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(EXHIBIT A) 

TEST DATA - MEGOHMS 
TEST NO. ____ 

 
Part Tested:Test Made:_______________ 
Hours/Days:_______________ 
After Shutdown:_______________ 

 
Grounding Time:Dry Bulb Temperature:__________ 
Wet Bulb Temperature:__________ 

 
Test Voltage: 

 
Equipment Temperature:     ___________ 
How Obtained:              ___________ 
Relative Humidity:         ___________ 
Absolute Humidity:         ___________ 
Dew Point:                 ___________ 

 
Megohmmeter: Serial Number: __________     Range: ___________ 

Voltage: ________________     Calibration Date___________ 

 
Test Connections 

 
To Line 
 
To Earth 
 
To 
Ground 

 
To Line 
 
To Earth 
 
To 
Ground 

 
To Line 
 
To Earth 
 
To 
Ground 

 
Test Connections 

 
To Line 
 
To Earth 
 
To 
Ground 

 
To Line 
 
To Earth 
 
To 
Ground 

 
To Line 
 
To Earth 
 
To 
Ground 

 
 Minute 

 
 

 
 

 
 

 
5 Minutes 

 
 

 
 

 
 

 
 Minute 

 
 

 
 

 
 

 
6 Minutes 

 
 

 
 

 
 

 
3/4 Minute 

 
 

 
 

 
 

 
7 Minutes 

 
 

 
 

 
 

 
1 Minute 

 
 

 
 

 
 

 
8 Minutes 

 
 

 
 

 
 

 
2 Minutes 

 
 

 
 

 
 

 
9 Minutes 

 
 

 
 

 
 

 
3 Minutes 

 
 

 
 

 
 

 
10 Minutes 

 
 

 
 

 
 

 
4 Minutes 

 
 

 
 

 
 

 
10/1 Minutes 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Ratio 

 
 

 
 

 
 

 
Remarks: 
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SECTION 16130 
 

BOXES 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The scope of work under this Section includes furnishing and installing all pull boxes, 
junction boxes, and outlet boxes.   

 
B. Requirements for other boxes and enclosures are not included in this Section.  Reference 

each specific Division 16 equipment Section for requirements related to that equipment’s 
respective enclosure. 

 
C. Reference Section 16000, Basic Electrical Requirements, and Section 161111, Conduit. 

 
1.02 CODES AND STANDARDS 
 

A. Boxes shall be designed, manufactured, and/or listed to the following standards as 
applicable: 
 
1. UL 514A - Metallic Outlet Boxes 

 
2. UL 514C - Standard for Non-metallic Outlet Boxes, Flush Device Boxes, and Covers 
 
3. UL 50 – Enclosures for Electrical Equipment, Non-environmental Considerations 

 
4. UL 50E - Enclosures for Electrical Equipment, Environmental Considerations 
 
5. NEMA 250 – Enclosures for Electrical Equipment 

  
1.03 SUBMITTALS 
 

A. In accordance with the procedures and requirements set forth in the General Conditions and 
Section 01 33 00 – Submittal Procedures, the Design/Builder shall obtain from the 
equipment manufacturer(s) and submit the following: 

 
1. Shop Drawings 

 
B. Each submittal shall be identified by the applicable specification section. 

 
1.04 SHOP DRAWINGS 
 

A. Each submittal shall be complete in all respects, incorporating all information and data listed 
herein and all additional information required for evaluation of the proposed equipment's 
compliance with the Contract Documents. 

 
B. Partial, incomplete or illegible Submittals will be returned to the Design/Builder without 

review for resubmittal. 
 

3
2

4
1

4
-0

0
0
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C. Shop drawings shall include but not be limited to: 
 

1. Product data sheets for boxes, terminal strips, and all accessories 
 
1.05 OPERATION AND MAINTENANCE MANUALS 
 

A. The Design/Builder shall submit operation and maintenance manuals in accordance with the 
procedures and requirements set forth in the General Conditions and Division 1. 
 

B. As-built drawings showing dimensions, internal box layout, terminal strip information, and 
terminal strip identification information shall be provided for all junction boxes.  As-built 
drawings are not required for pull boxes or outlet boxes.  

 
1.06 IDENTIFICATION 
 

A. Each pull and junction box shall be identified with the box name as indicated on the Contract 
Drawings (e.g. PPB-001, CJB-001 or as directed by the Engineer).  A nameplate shall be 
securely affixed in a conspicuous place on each box.  Nameplates shall be as specified in 
Section 16195, Electrical – Identification. 

 
 
PART 2 -- PRODUCTS 
 
2.01 MANUFACTURERS 
 

A. The equipment covered by this Specification is intended to be standard equipment of proven 
performance as manufactured by reputable concerns.  Equipment shall be designed, 
constructed, and installed in accordance with the best practices of the trade, and shall 
operate satisfactorily when installed as shown on the Drawings. 

 
2.02 PULL AND JUNCTION BOXES 
 

A. General 
 

1. All pull and junction boxes shall be UL listed and labeled. 
 

2. Pull and junction boxes shall not be provided with eccentric or concentric knockouts. 
 
3. Pull and junction boxes mounted embedded in concrete shall be UL listed for 

embedment. 
 
4. Where metallic boxes are used they shall be of all welded construction.  Tack 

welded boxes are not acceptable. 
 

B. Pull Boxes 
 

1. All pull boxes shall be provided with a matching gasketed cover.  For covers with 
dimensions of 6 inches by 6 inches or less, the cover shall be held in place by 
machine screws.  Other screw types are not acceptable.  For covers with dimensions 
greater than 6 inches by 6 inches, the cover shall be hinged and held in place by 
screw-operated clamp mechanisms.  Hinge pins shall be removable.  Clamp 
mechanism material of construction shall match that of the associated box. 
 



Sustainable Water Phase 3 –  Boxes – REV 0 
Demonstration Facility 16130-3 IFC June 2017 

2. Pull boxes shall not have any wire terminations inside, other than those for 
grounding/bonding.  A ground bar shall be provided with the necessary number of 
screw type terminals.  Twenty (20) percent of the total amount of terminals otherwise 
required for the pull box (minimum of two) shall be provided as spare terminations. 
Boxes requiring any other wire terminations shall be furnished and installed in 
accordance with the requirements for junction boxes herein. 

 
3. Pull boxes shall be 6 inches wide by 6 inches tall by 4 inches deep, minimum.  For 

applications requiring larger boxes, the box shall be sized in accordance with the fill 
requirements and dimensional requirements of the NEC. 

 
4. Barriers shall be provided in pull boxes to isolate conductors of different voltages, 

types, and functions.  Barrier material of construction shall match that of the box.  
Isolation shall be provided between the following groups: 

 
a. Power wiring 

 
b. AC control wiring 

 
c. DC control wiring 

 
d. Instrumentation wiring 

 
C. Junction Boxes 

 
1. Junction boxes used for lighting and receptacle circuits only shall be provided with a 

matching gasketed cover held in place by machine screws.  Other screw types are 
not acceptable. 
 

2. Junction boxes for all uses other than lighting and receptacle circuits shall be 
provided with a hinged, gasketed cover.  Hinge pins shall be removable.  Cover shall 
be held in place by screw-operated clamp mechanisms.  Clamp mechanism material 
of construction shall match that of the associated box.   

 
3. Barriers shall be provided in junction boxes to isolate conductors and terminal blocks 

of different voltages, types, and functions.  Barrier material of construction shall 
match that of the box.  Isolation shall be provided between the following groups: 

 
a. Power wiring 

 
b. AC control wiring 

 
c. DC control wiring 

 
d. Instrumentation wiring 

 
4. Junction boxes used for lighting and receptacle circuits only shall be allowed to have 

screw-on (wire nut) type connectors for wire terminations/junctions. 
 
5. Junction boxes for all uses other than lighting and receptacle circuits shall be 

provided with terminal strips, consisting the necessary number of screw type 
terminals.  Current carrying parts of the terminal blocks shall be of ample capacity to 
carry the full load current of the circuits connected, with a 10A minimum capacity.  
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Terminal strips shall be rated for the voltage of the circuits connected.  A separate 
ground bar shall be provided with the necessary number of screw type terminals.  
Twenty (20) percent of the total amount of terminals otherwise required for the 
junction box (minimum of two) shall be provided as spare terminations.  When 
barriers are provided within the box, separate terminal strips shall be provided in 
each barrier area.  Terminals shall be lettered and/or numbered to conform to the 
wiring labeling scheme in place on the project. 

 
6. Junction boxes shall be 6 inches wide by 6 inches tall by 4 inches deep, minimum.  

For applications requiring larger boxes, the box shall be sized in accordance with the 
fill requirements and dimensional requirements of the NEC.  Terminal blocks 
(including spare terminals) shall be considered when sizing the junction box. 

 
D. Enclosure Types and Materials 

 
1. Pull and junction boxes shall be furnished with the following enclosure type and 

material of construction, dependent upon the designation of the area in which they 
are to be installed.  Area designations are indicated on the Drawings. 
 

AREA DESIGNATION ENCLOSURE TYPE AND MATERIAL 

Indoor Wet Process Area 
NEMA 4X, Type 304 Stainless 
Steel/Aluminum 

Indoor Dry Process Area NEMA 12, Painted Steel 

Indoor Dry Non-process Area NEMA 1, Painted Steel 

Indoor Type 1 Chemical Storage/Transfer 
Area 

NEMA 4X, Fiberglass or PVC 

Indoor Type 2 Chemical Storage/Transfer 
Area 

NEMA 4X, Type 304 Stainless Steel 

All Outdoor Areas NEMA 4X, Type 304 Stainless Steel 

 
 
2.03 OUTLET BOXES 
 

A. General 
 
1. Outlet boxes shall be provided with a trim appropriate for the wiring device installed 

inside.  Reference Section 16141, Wiring Devices, for outlet box trim requirements.  
An appropriate outlet box trim is required to achieve the NEMA rating of the outlet 
boxes as specified herein.   

 
B. Surface Mount Outlet Boxes 

 
1. Outlet boxes shall be the deep type, no less than 2.5 inches deep. 

 
2. Outlet boxes shall be provided in single or multi-gang configuration as required, 

sized in accordance with the requirements of the NEC. 
 
3. Outlet boxes shall be furnished with the following enclosure type and material of 

construction, dependent upon the designation of the area in which they are to be 
installed.  Area designations are indicated on the Drawings. 
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AREA DESIGNATION ENCLOSURE TYPE AND MATERIAL 

Indoor Wet Process Area NEMA 4X, Cast Aluminum  

Indoor Dry Process Area NEMA 1, Cast Aluminum 

Indoor Dry Non-process Area NEMA 1, Cast Aluminum 

Indoor Type 1 Chemical Storage/Transfer 
Area 

NEMA 4X, PVC 

Indoor Type 2 Chemical Storage/Transfer 
Area 

NEMA 4X, Cast Aluminum 

All Outdoor Areas NEMA 4X, PVC Coated Steel 

 
4. Outlet boxes shall be provided with integral threaded conduit hubs mounted external 

to the box.  Boxes with threaded conduit hubs mounted internal to the box or as a 
part of the box wall are not acceptable. 
 

C. Flush Mount Outlet Boxes   
 

1. Outlet boxes shall be no less than 2-1/8 inches deep, and 4-11/16 inches square.  
Boxes shall be UL listed and labeled.  Pre-punched single diameter conduit 
knockouts are acceptable, however, concentric and eccentric knockouts are not 
acceptable. 
 

2. Outlet boxes mounted flush in CMU walls shall be made of galvanized, tack welded 
steel, and suitable for installation in masonry walls. Sectional type boxes are not 
acceptable for this application. 
 

3. Outlet boxes mounted flush in gypsum walls shall be made of galvanized pressed 
steel.  Tack welded boxes are not acceptable for this application.  Sectional type 
boxes are not acceptable for this application. 

 
4. Outlet boxes mounted cast into concrete shall be concrete tight, and shall be made 

of galvanized steel or PVC. 
 
 
PART 3 -- EXECUTION 
 
3.01 INSTALLATION 
 

A. Pull and Junction Boxes 
 

1. Pull boxes and junction boxes shall be solidly attached to structural members prior to 
installation of conduit and set true and plumb.  Boxes shall not be supported by their 
associated conduits. 
 

2. Wooden plugs are not permitted for securing boxes to concrete.  Appropriately rated 
anchors specifically suited for use in concrete shall be used. 

 
3. Box penetrations for conduits shall be made with a punch tool, and penetrations 

shall be of the size required for the conduit entry and/or hub.  Oversized penetrations 
in boxes are not acceptable. 
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4. Watertight conduit hubs shall be provided for boxes where a NEMA 4X enclosure 
rating is specified.  Reference Section 16111, Conduit, for conduit hub requirements. 

 
5. Pull and junction boxes may be installed flush mounted in gypsum, concrete or CMU 

walls where appropriate provided that covers are easily removed or opened.   
 
6. Pull and junction boxes shall be provided in the enclosure type and material of 

construction required for the area in which it is installed.  Reference the requirements 
in Part 2 herein, and the area designations indicated on the Drawings. 

 
B. Outlet Boxes 

 
1. Outlet boxes shall be solidly attached to structural members prior to installation of 

conduit and set true and plumb.  Boxes shall not be supported by their associated 
conduits. 
 

2. Wooden plugs are not permitted for securing boxes to concrete.  Appropriately rated 
anchors specifically suited for use in concrete shall be used. 

 
3. Flush mounted outlet boxes shall be arranged and located so that tile and grout lines 

fit closely around the boxes, and so placed that the cover or device plate shall fit 
flush to the finished wall surface. 

 
4. Outlet boxes shall be flush mounted in finished areas and other areas where 

practical.  Flush mounted outlet boxes shall not be installed in hazardous areas and 
type 1 or 2 chemical storage/transfer areas.  

 
5. For the below-named items, mounting heights from finished floor, or finished grade 

to top is applicable, depending on the type of wiring device to be installed in the 
outlet box.  Mounting heights for outlet boxes shall be as follows, unless otherwise 
specified herein, indicated on the Drawings, or required by the Americans with 
Disability Act (ADA): 

 
a. Light switches and wall mounted occupancy sensors, 48 inches 
 
b. Receptacles in indoor dry process/non-process areas, 16 inches 
 
c. Receptacles in indoor wet process areas and all indoor chemical 

storage/transfer areas, 48 inches 
 
d. Receptacles in outdoor locations, 24 inches 
 
e. Ceiling mounted occupancy sensors, as indicated on the Drawings 

 
6. Outlet boxes shall be provided in the material of construction required for the area in 

which it is installed.  Reference the requirements in Part 2 herein, and the area 
designations indicated on the Drawings. 

 
 

- END OF SECTION - 
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SECTION 16141 
 

WIRING DEVICES 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish and install all switches, occupancy sensors, and 
receptacles of the type and at the locations as shown on the Drawings. 

 
B. All switches and receptacles shall be furnished and installed in outlet boxes.  Reference 

Section 16130, Boxes, for outlet box requirements. 
 

C. Reference Section 16000, Basic Electrical Requirements, and Section 16123, Low Voltage 
Wire and Cable. 

 
1.02 CODES AND STANDARDS 
 

A. Wiring devices shall be designed, manufactured, and/or listed to the following standards as 
applicable: 
 
1. UL 20 – General Use Snap Switches 

 
2. UL 498 – Standard for Attachment Plugs and Receptacles 

 
3. UL 943 – Ground Fault Circuit Interrupters 

 
1.03 SUBMITTALS 
 

A. In accordance with the procedures and requirements set forth in the General Conditions and 
Section 01 33 00 – Submittal Procedures, the Design/Builder shall obtain from the 
equipment manufacturer and submit shop drawings.  Each submittal shall be identified by 
the applicable specification section. 

 
1.04 SHOP DRAWINGS 
 

A. Each submittal shall be complete in all respects, incorporating all information and data listed 
herein and all additional information required for evaluation of the proposed equipment's 
compliance with the Contract Documents. 

 
B. Partial, incomplete, or illegible submittals will be returned to the Design/Builder without 

review for resubmittal. 
 

C. Shop drawings shall include, but not be limited to: 
 

1. Product data sheets. 
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1.05 SPARE PARTS 
 

A. The Design/Builder shall furnish 10% (minimum of 1) spare of each receptacle, switch, and 
plug furnished and installed for this project. 

 
B. Spare parts lists, included with the shop drawing submittal, shall indicate specific sizes, 

quantities, and part numbers of the items to be furnished.  Terms such as "1 lot of packing 
material" are not acceptable. 

 
C. Parts shall be completely identified with a numerical system to facilitate parts inventory 

control and stocking.  Each part shall be properly identified by a separate number.  Those 
parts which are identical for more than one size shall have the same parts number. 

 
1.06 IDENTIFICATION 
 

A. Each switch and receptacle shall be identified with the equipment item number, 
manufacturer's name or trademark, and such other information as the manufacturer may 
consider necessary, or as specified, for complete identification. 

 
 
PART 2 -- PRODUCTS 
 
2.01 MANUFACTURERS 
 

A. The equipment covered by these Specifications is intended to be standard equipment of 
proven performance as manufactured by reputable concerns.  Equipment shall be designed, 
constructed and installed in accordance with the best practices of the trade, and shall 
operate satisfactorily when installed as shown on the Drawings. 

 
B. The Design/Builder shall use the products of a single manufacturer for each type of wiring 

device. 
 

C. The Design/Builder shall use the products of a single manufacturer for all device plates.  
Plate variations are allowed for the following devices: 

 
1. Where the selected plate manufacturer does not manufacture a suitable finish plate. 

 
2. For heavy-duty receptacles rated at more than 30A. 

 
3. Where non-standard plates are required, specified, or shown. 

 
D. The Design/Builder shall furnish and install all wiring devices and device plates. 

 
E. Provide specification grade devices manufactured by Crouse-Hinds, Hubbell, Pass & 

Seymour, or Engineer approved equal. 
 

2.02 WIRING DEVICES 
 

A. Wall switches shall be rated for the current required to suit the application, but not less than 
20A.  Double pole, three-way, and four-way switches shall be provided where indicated on 
the Drawings, and as required.  Switches shall be rated for 120-277VAC, and shall be UL 20 
Listed. 
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B. Convenience receptacles shall be rated for 20A at 125VAC.  Convenience receptacles shall 

be UL 498 Listed.  Tamper resistant receptacles are not acceptable. 
 
C. Special purpose receptacles (welders, lab equipment, etc.) shall be provided with the proper 

NEMA configuration and ampacity as indicated on the Drawings.  The coordinating plug for 
each special purpose receptacle shall be provided with the equipment which it is serving.   

 
D. Ground fault circuit interrupter receptacles shall be rated for 20A at 125VAC.  Ground fault 

circuit interrupter receptacles shall be UL 943 Listed.  Tamper resistant receptacles are not 
acceptable. 

 
E. All wiring devices shall be approved for use with stranded conductors.  Reference Section 

16123, Low Voltage Wire and Cable for conductor requirements 
 
F. All terminals shall be compression type screw terminals.  Wire binding terminals are not 

acceptable. 
 

 
2.03 DEVICE PLATES 
 

A. Device plates for indoor flush-mounted receptacles and switches shall be made of Type 304 
stainless steel, not less than 0.032 of an inch thick, with beveled edges and milled on the 
rear so as to lie flat against the wall.  Devices plates shall be provided with a gasket.    

 
B. Device plates for outdoor installations, indoor wet process areas, and chemical 

storage/transfer areas shall be Appleton Type FSK, Crouse-Hinds #DS185, or equal for wall 
switches.   Device plates for receptacles shall be “in-use” style.   “In-use” weatherproof 
covers shall be rugged, minimum 3 ¼” depth, die-cast aluminum as manufactured by 
Thomas & Betts "Red Dot," Intermatic International, Inc., or equal. 

 
C. Device plates for indoor dry process and non-process areas with surface mounted boxes 

shall be Crouse-Hinds DS32, or equal for switches, and Crouse-Hinds DS23 or equal for 
receptacles. 

 
2.04 PLUGS 
 

A. The Design/Builder shall furnish suitable plugs with equipment furnished under the 
respective specification Section.  Plugs shall be black rubber or plastic.  For waterproof 
receptacles, the plugs shall be similar in construction to the receptacles and shall be 
encased in corrosion resistant yellow housing provided with clamping nuts and stuffing gland 
cable outlets. 

 
2.05 PROCESS INSTRUMENTS 
 

A. The Design/Builder shall furnish and install a local disconnect switch at each process 
instrument (e.g., level transmitter, flow transmitter, analytical instrument etc.,) to disconnect 
the 120VAC power supply to the instrument.  The device shall be a NSSC series manual 
motor starting switch without overload protection as manufactured by Crouse-Hinds, 
Appleton equivalent, or equal.   

 
2.06 OCCUPANCY SENSORS 
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A. Occupancy sensors shall be wall or ceiling mount as indicated on the Drawings.  Sensors 
also shall be as follows: 

 

TYPE DESCRIPTION MODEL 

A Ceiling mount, passive infrared sensing, 360 degree viewing 
angle, adjustable time delay off, LED activity indicator, conformal 
coating for low temperature/high humidity, 120VAC line powered, 
equipped with test mode 

CMR 9 by 
Sensorswitch, or 
approved equal 

B Ceiling mount, passive infrared sensing, 360 degree extended 
range viewing angle, adjustable time delay off, LED activity 
indicator, conformal coating for low temperature/high humidity, 
120VAC line powered, equipped with test mode.  

CMR 10 by 
Sensorswitch, or 
approved equal 

C Wall mount, passive infrared sensing and ultrasonic sensing, 120 
degree large area viewing angle, adjustable time delay off, LED 
activity indicator, conformal coating for low temperature/high 
humidity, 120VAC line powered, equipped with test mode 

LWS PDT series by 
Sensorswitch, or 
approved equal 

D Wall mount, passive infrared sensing, 120 degree large area 
viewing angle, adjustable time delay off, LED activity indicator, 
conformal coating for low temperature/high humidity, 120VAC line 
powered, equipped with test mode. 

LWS series by 
Sensorswitch, or 
approved equal 

E Ceiling mount, passive infrared sensing and ultrasonic sensing, 
360 degree viewing angle, adjustable time delay off, LED activity 
indicator, conformal coating for low temperature/high humidity, 
120VAC line powered, equipped with test mode 

CMR 9 PDT by 
Sensorswitch, or 
approved equal 
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B. Sensors shall be provided with all mounting hardware, control units, and adaptors as 

required for a complete and operable lighting control system. 
 
 
PART 3 -- EXECUTION 
 
3.01 INSTALLATION 
 

A. Where more than one (1) switch occurs at one (1) location, gang plates shall be used. 
 

B. All device plates shall be set true and plumb, and shall fit tightly against the finished wall 
surfaces and outlet boxes. 

 

C. Wiring device box (outlet box) mounting heights shall be as specified in Section 16130, 

Boxes. 
 

D. When indicated height would place any of the equipment at an unsuitable location such as 
at a molding or break in wall finish, the Design/Builder shall bring it to the attention of the 
Engineer for a decision. 

 
E. Receptacles installed in toilet, locker, and bathrooms, and within 6 feet of a sink, shall be of 

ground fault interrupter type.  Ground fault circuit interrupter receptacles shall also be 
furnished and installed in additional locations where indicated on the Drawings, and as 
required by the NEC. 

 
F. All receptacles shall have a self-adhesive label installed on the top at the respective device 

plate that indicates which panel and which circuit number the receptacle is supplied from.  
Labels shall have a white background and black lettering in 14 point font. 

 
G. The turn-off time delay for each occupancy sensor shall initially be set to 10 minutes.  

Design/Builder shall be responsible for the proper commissioning and testing of each 
occupancy sensor to ensure that it operates to the Owner and Engineer’s satisfaction. 

 
H. Receptacles installed for coffee pots, microwaves, and refrigerators shall be on dedicated 

circuits. 
 
3.02 CIRCUITING 
 

A. Convenience receptacles shall be grouped on circuits separate from the lighting circuits.  A 
maximum of eight (8) convenience receptacles are permitted per 20A, 120V circuit, unless 
otherwise indicated on the Drawings. 
 

B. Sump pump receptacles shall have dedicated circuits. 
 
 
 

- END OF SECTION - 
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SECTION 16170 
 

GROUNDING AND BONDING 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish and install grounding systems complete in accordance 
with the minimum requirements established by Article 250 of the NEC.  Article 250 of the 
NEC shall be considered a minimum requirement for compliance with this Specification. 

 
B. Grounding of all instrumentation and control systems shall be furnished and installed in 

accordance with the manufacturer/system requirements and IEEE 1100-92, Powering and 
Grounding of Sensitive Electronic Equipment.  Conflicts shall be promptly brought to the 
attention of the Engineer. 

 
C. In addition to the NEC requirements, building structural steel columns shall be 

permanently and effectively grounded: 
 

D. Reference Section 16000, Basic Electrical Requirements 
 

1.02 CODES AND STANDARDS 
 

A. Equipment and materials covered under this Section shall be designed, manufactured, 
and/or listed to the following standards as applicable: 

 
1. UL 467 – Grounding and Bonding Equipment 
 
2. IEEE 81 – Guide for Measuring Earth Resistivity, Ground Impedance, and Earth 

Surface Potentials of a Ground System. 
 
1.03 SUBMITTALS 
 

A. In accordance with the procedures and requirements set forth in the General Conditions 
and Section 01 33 00 – Submittal Procedures, the Design/Builder shall obtain from the 
equipment manufacturer and submit the following: 

 
1. Shop Drawings 

 
2. Reports of certified field tests. 

 
B. Each submittal shall be identified by the applicable specification section. 

 
1.04 SHOP DRAWINGS 
 

A. Each submittal shall be complete in all respects, incorporating all information and data 
listed herein and all additional information required for evaluation of the proposed 
equipment's compliance with the Contract Documents. 
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B. Partial, incomplete, or illegible submittals will be returned to the Design/Builder without 
review for resubmittal. 

 
C. Shop drawings shall include but not be limited to: 

 
1. Product data sheets. 

 
2. Drawings and written description of how the Design/Builder intends to furnish and 

install the grounding system. 
 
 
PART 2 -- PRODUCTS 
 
2.01 MANUFACTURERS 
 

A. The equipment covered by these specifications shall be standard equipment of proven 
performance as manufactured by reputable concerns.  Equipment shall be designed, 
constructed, and installed in accordance with the best practices of the trade, and shall 
operate satisfactorily when installed as shown on the Drawings. 

 
2.02 GROUND RODS AND GRID 
 

A. Ground rods shall be rolled to a commercially round shape from a welded copper-clad 
steel manufactured by the molten-welding process or by the electro-formed process 
(molecularly bonded).  They shall have an ultimate tensile strength of 75,000 pounds per 
square inch (psi) and an elastic limit of 49,000 psi.  The rods shall be not less than 3/4 
inch in diameter by 10 feet in length; and the proportion of copper shall be uniform 
throughout the length of the rod.  The copper shall have a minimum wall thickness of 0.010 
inch at any point on the rod.  Ground rods shall be UL 467 listed.  The ground rods shall 
be manufactured by Erico Products, Blackburn, or equal. 

 
B. Except where specifically indicated otherwise, all exposed non current-carrying metallic 

parts of electrical equipment, metallic raceway systems, grounding conductors in 
nonmetallic raceways and neutral conductors of wiring systems shall be grounded. 

 
C. The ground connection shall be made at the main service equipment and shall be 

extended to the ground grid surrounding the structure.  The ground grid shall also be 
connected to the point of entrance of the metallic water service.  Connection to the water 
pipe shall be made by a suitable ground clamp or lug connection to a plugged tee.  If 
flanged pipes are encountered, connection shall be made with the lug bolted to the street 
side of the flanged connection. 

 
D. Where ground fault protection is employed, care shall be taken so that the connection of 

the ground and neutral does not interfere with the correct operation of the ground fault 
protection system. 

 
2.03 FITTINGS 
 

A. Grounding connections to equipment shall be bolted. Cable end connections shall be 
made by hydraulic crimp or exothermically welded.  Split bolt type connectors are not 
acceptable.  Fittings shall be UL 467 listed. 
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2.04 EQUIPMENT GROUNDING CONDUCTORS 
 

A. An insulated equipment grounding conductor, which shall be separate from the electrical 
system neutral conductor, shall be furnished and installed for all circuits.  Insulation shall 
be of the same type as the underground conductors in the raceway and shall be green in 
color.  Equipment grounding conductors shall be furnished and installed in all conduits.  
Use of conduits as the NEC required equipment grounding conductor is not acceptable. 

 
2.05 EQUIPMENT GROUNDS 
 

A. Equipment grounds shall be solid and continuous from a connection at earth to all 
distribution panelboards.  Ground connections at panelboards, outlets, equipment, and 
apparatus shall be made in an approved and permanent manner. 

 
2.06 EXOTHERMIC WELDS 
 

A. All exothermic welding shall be completed per welding kit manufacturer's instructions.  
Exothermic welds shall be CadWeld by Erico or ThermoWeld. 

 
2.07 WALL MOUNTED GROUNDING BUSBAR 
 

A. All wall mounted grounding busbar shall include busbar, insulators, and mounting brackets 
provided from the same manufacturer. 
 

B. Busbar shall be a minimum of ¼” thick, 2” wide, 36” long , tin plated, solid copper bus bar. 
 

C. Busbar shall be UL listed and predrilled with hole pattern suitable for approved grounding 
lug connectors. 

 
 
PART 3 -- EXECUTION 
 
3.01 INSTALLATION 
 

A. Metal surfaces where grounding connections are to be made shall be clean and dry.  Steel 
surfaces shall be ground or filed to remove all scale, rust, grease, and dirt.  Copper and 
galvanized steel shall be cleaned with emery cloth to remove oxide before making 
connections. 

 
B. Ground Grid 

 
1. A main ground grid shall be provided for each structure and interconnecting 

structure grids consisting of driven ground rods as shown on the Drawings.  The 
ground rods shall be interconnected by the use of copper cable exothermically 
welded to the rods.  The grounding cables shall be installed after the excavations 
for the building have been completed and prior to the pouring of concrete for the 
footings, mats, etc. Copper "pigtails" shall be connected to the ground grid and 
shall enter the buildings and structure from the outside and shall be connected to 
steel structures, and equipment as described in this Section and as required to 
provide a complete grounding system.  The copper pigtails shall be exothermically 
welded to the ground grid, and connected to building reinforcement steel by 
hydraulic crimp. 
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2. Grounding conductors shall be continuous between points of connection; splices 

shall not be permitted. 
 
3. Where conductors are exposed and subject to damage from personnel, traffic, etc., 

conductors shall be installed in metal raceway.  The raceway shall be bonded to 
the grounding system. 

 
4. Where subsurface conditions do not permit use of driven ground rods to obtain 

proper ground resistance, rods shall be installed in a trench or plate electrodes 
shall be provided, as applicable and necessary to obtain proper values of 
resistance. 

 
5. Buried exothermic welds and ground ring shall not be backfilled until inspected by 

Engineer. 
 

C. Raceways 
 

1. Conduit which enters equipment such as switchgear, motor control centers, 
transformers, panelboards, variable frequency drives, instrument and control 
panels, and similar equipment shall be bonded to the ground bus or ground lug, 
where provided, and as otherwise required by the NEC. 
 

2. Cable tray shall be grounded and bonded in accordance with Section 16114. 
 
3.02 TESTING 
 

A. All tests shall be performed in accordance with the requirements of the General Conditions 
and Division 1.  The following tests are required: 

 
1. Witnessed Shop Tests 

 
a. None required. 

 
2. Field Tests 

 
a. Field testing shall be done in accordance with the requirements specified 

in the General Conditions, Division 1, and NETA Acceptance Testing 
Specifications, latest edition. 

 
b. Fall of potential tests shall be performed on the ground grid per IEEE81 

recommendations by a third party, independent testing firm.  A fall of 
potential plot shall be submitted at the conclusion of testing for Engineer 
review.  Documentation indicating the location of the rod and grounding 
system as well as the resistance and soil conditions at the time the 
measurements were made shall be submitted.  Testing shall show that the 
ground grid has 5 ohms resistance or less.  Due to soil conditions and/or 
unforeseen field conditions, ground resistances greater than 5 ohms may 
be acceptable if specifically approved in writing by the Engineer.  Ground 
resistance measurements shall be made in normally dry weather not less 
than 48 hours after rainfall and with the ground grid under test isolated from 
other grounds. 
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c. Continuity tests for the grounding electrode conductor shall also be 

performed.  Test will be accepted when a resistance of less than 1 ohm is 
shown for this conductor. 

 
 
 

- END OF SECTION - 
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SECTION 16190 
 

SUPPORTING DEVICES 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Contractor shall furnish and install structural supports for mounting and installing all 
conduit, cable tray, electrical equipment, lighting, alarm systems, instrumentation, and 
communications equipment furnished under this Contract. 

 
B. Equipment shall be installed strictly in accordance with recommendations of the 

manufacturer and best practices of the trade resulting in a complete, operable, and safe 
installation.  The Contractor shall obtain written installation manuals from the equipment 
manufacturer prior to installation. 

 
C. Reference Section 16000, Basic Electrical Requirements. 

 
1.02 SUBMITTALS 
 

A. In accordance with the procedures and requirements set forth in the General Conditions and 
Section 01 33 00 – Submittal Procedures, the Contractor shall obtain from the equipment 
manufacturer and submit the following: 

 
1. Shop drawings 
 
2. Structural support calculations (if required) 

 
B. Each submittal shall be identified by the applicable Specification section. 

 
1.03 SHOP DRAWINGS 
 

A. Each submittal shall be complete in all respects, incorporating all information and data listed 
herein and all additional information required for evaluation of the proposed equipment's 
compliance with the Contract Documents. 

 
B. Shop drawings shall include but not be limited to: 

 
1. Product data sheets. 

 
2. Complete assembly, layout, installation, and foundation drawings with clearly marked 

dimensions. 
 

3
2

4
1

4
-0

0
0

 



 
Sustainable Water Phase 3 –  Supporting Devices – REV 0 
Demonstration Facility  16190-2  IFC June 2017 
 

 
PART 2 -- PRODUCTS 
 
2.01 MANUFACTURERS 
 

A. The equipment covered by this Specification is intended to be standard equipment of proven 
performance as manufactured by reputable concerns.  Equipment shall be designed, 
constructed, and installed in accordance with the best practices of the trade, and shall 
operate satisfactorily when installed as shown on the Drawings. 

 
2.02 MATERIALS 
 

A. Support channel shall be 1-5/8” by 1-5/8” minimum, with 12 gage material thickness.   
 
B. Support channel, support channel fittings, and threaded rod shall be furnished with the 

following material of construction, dependent upon the designation of the area in which they 
are to be installed.  Area designations are indicated on the Drawings. 

 

AREA DESIGNATION MATERIAL OF CONSTRUCTION 

Indoor Wet Process Area Type 304 Stainless Steel 

Indoor Dry Process Area Hot Dipped Galvanized Steel 

Indoor Dry Non-process Area Hot Dipped Galvanized Steel 

Indoor Type 1 Chemical Storage/Transfer 
Area 

Fiberglass 

Indoor Type 2 Chemical Storage/Transfer 
Area 

Type 304 Stainless Steel 

All Outdoor Areas Type 304 Stainless Steel 

 
C. Fastening hardware (bolts, nuts, washers, and screws) shall be furnished with the following 

material of construction, dependent upon the designation of the area in which they are to be 
installed.  Area designations are indicated on the Drawings. 

  

AREA DESIGNATION MATERIAL OF CONSTRUCTION 

Indoor Wet Process Area Type 304 Stainless Steel 

Indoor Dry Process Area Type 304 Stainless Steel 

Indoor Dry Non-process Area Type 304 Stainless Steel 

Indoor Type 1 Chemical Storage/Transfer 
Area 

Fiberglass 

Indoor Type 2 Chemical Storage/Transfer 
Area 

Type 304 Stainless Steel 

All Outdoor Areas Type 304 Stainless Steel 
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PART 3 -- EXECUTION 
 
3.01 INSTALLATION 
 

A. Concrete or Masonry Inserts 
 

1. The Contractor shall be responsible for the furnishing and installation of all conduit 
sleeves, anchor bolts, masonry inserts, and similar devices required for installation of 
equipment furnished under this Contract. 

 
2. If a time delay for the arrival of any special inserts or equipment drawings, etc. 

occurs, the Contractor may, if permitted by the Engineer, make arrangements for 
providing approved recesses and openings in the concrete or masonry and, upon 
subsequent installation, the Contractor shall be responsible for filling in such 
recesses and openings.  Any additional costs that may be incurred by this procedure 
shall be borne by the Contractor. 

 
3. The Contractor shall furnish leveling channels for all switchgear, switchboards, motor 

control centers, and similar floor mounted equipment.  The leveling channels shall be 
provided for embedment in the equipment housekeeping pads.  Coordination of the 
installation of these channels with the concrete pad is essential and required.  Pad 
height shall be as required to maintain concrete coverage of the reinforcement bars 
while not causing associated equipment to exceed the maximum mounting height 
requirements of the NEC. 

 
B. Support Fastening and Locations 

 
1. All equipment fastenings to columns, steel beams, and trusses shall be by beam 

clamps or welded.  No holes shall be drilled in the steel.   
 

2. All holes made in reflected ceilings for support rods, conduits, and other equipment 
shall be made adjacent to ceiling grid bars where possible, to facilitate removal of 
ceiling panels. 

 
3. Support channel shall be provided wherever required for the support of starters, 

switches, panels, and miscellaneous equipment.   
 
4.  All equipment, devices, and raceways that are installed on the dry side of a water 

bearing wall shall not be installed directly onto the wall.  Support channel shall be 
used to allow ventilation air to pass behind the equipment, devices, or raceway. 

 
5. All supports shall be rigidly bolted together and braced to make a substantial 

supporting framework.  Where possible, control equipment shall be grouped together 
and mounted on a single framework.   

 
6. Aluminum support members shall not be installed in direct contact with concrete.  

Stainless steel or non-metallic "spacers" shall be used to prevent contact of 
aluminum with concrete. 
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7. Actual designs for supporting framework should take the nature of a picture frame of 
support channels and bracket with a plate for mounting the components.  The 
Contractor is responsible for the design of supporting structure; he shall submit 
design details to the Engineer for acceptance before proceeding with the fabrication. 

 
8. Wherever dissimilar metals come into contact, the Contractor shall isolate these 

metals as required with neoprene washers, nine (9) mil polyethylene tape, or 
gaskets. 

 
 
 
 

- END OF SECTION - 
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SECTION 16195 
 

ELECTRICAL - IDENTIFICATION 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. All electrical equipment shall be properly identified in accordance with these Specifications 
and the Contract Drawings.  All main circuit breaker enclosures, motor control centers, 
generator termination cabinet, variable frequency drives, lighting and distribution 
panelboards, combination starters, control panels, pull and junction boxes, enclosures, 
disconnect switches, control stations, and similar equipment shall be identified in the manner 
described, or in an equally approved manner. 

 
B. The types of electrical identification specified in this section include, but are not limited to, 

the following: 
 

1. Operational instructions and warnings. 
 

2. Danger signs. 
 

3. Equipment/system identification signs. 
 

4. Nameplates. 
 
1.02 SIGNS 
 

A. "DANGER-HIGH-VOLTAGE" signs shall be securely mounted on the entry doors of all 
electrical rooms. 

 
1.03 LETTERING AND GRAPHICS 
 

A. The Contractor shall coordinate names, abbreviations, and other designations used in the 
electrical identification work with the corresponding designations shown, specified or 
scheduled.  Provide numbers, lettering, and wording as indicated or, if not otherwise 
indicated, as recommended by manufacturers or as required for proper identification and 
operation/maintenance of the electrical systems and equipment. 

 
1.04 SUBMITTALS 
 

A. In accordance with the procedures and requirements set forth in the General Conditions and 
Section 01 33 00 – Submittal Procedures, the Contractor shall obtain from the equipment 
manufacturer and submit shop drawings.  Each submittal shall be identified by the applicable 
specification section. 

 
1.05 SHOP DRAWINGS 
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A. Each submittal shall be complete in all respects, incorporating all information and data listed 
herein and all additional information required for evaluation of the proposed equipment's 
compliance with the Contract Documents. 

 
B. Shop drawings shall include but not be limited to:  
 

1. Product data sheets. 
 
 
PART 2 -- PRODUCTS 
 
2.01 MANUFACTURERS 
 

A. The material covered by these Specifications is intended to be standard material of proven 
performance as manufactured by reputable concerns.  Material shall be fabricated, 
constructed, and installed in accordance with the best practices of the trade, and shall 
operate satisfactorily when installed as specified herein and shown on the Drawings. 

 
2.02 NAMEPLATES 
 

A. Nameplates shall be engraved, high pressure plastic laminate, black with white lettering. 
 

B. Nameplates shall be attached to NEMA 4X enclosures utilizing UL-recognized mounting kits 
designed to maintain the overall UL Type rating of the enclosure.  Mounting kit fasteners 
shall be stainless steel Type AHK10324X as manufactured by Hoffman, or equal. 

 
2.03 HIGH VOLTAGE SIGNS 
 

A. Standard "DANGER" signs shall be of baked enamel finish on 20 gage steel; of standard 
red, black and white graphics; 14 inches by 10 inches size except where 10 inches by 7 
inches is the largest size which can be applied where needed, and except where a larger 
size is needed for adequate identification. 

 
2.04 MULTIPLE POWER SOURCE SIGNS 
 

A. Standard "DANGER – THIS EQUIPMENT HAS EXTERNAL POWER SOURCES" signs 
shall be of baked enamel finish on 20 gage steel; of standard red, black and white graphics; 
14 inches by 10 inches size except where 10 inches by 7 inches is the largest size which 
can be applied where needed, and except where a larger size is needed for adequate 
identification. 

 
 
2.05 CONDUIT IDENTIFICATION 
 

A. Conduit identification shall be as specified in Section 16111, Conduit. 
 
2.06 WIRE AND CABLE IDENTIFICATION 
 

A. Field installed wire and cable identification shall be as specified in Section 16123, Low 
Voltage Wire and Cable. 
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B. A plastic laminate nameplate shall be provided at each panelboard, motor control center, 
switchgear assembly, and switchboard assembly.  This nameplate shall be used to clearly 
convey the conductor identification means used at that piece of equipment (i.e. Phase 
A=Brown, Phase B=Orange, C = Yellow).   

 
C. Wiring identification for factory installed wiring in equipment enclosures shall be as specified 

in the respective section. 
 

2.07 BOX IDENTIFICATION 
 

A. Pull, junction and device box identification shall be as specified in Section 16130 – Boxes. 
 
PART 3 -- EXECUTION 
 
3.01 NAMEPLATES 
 

A. Nameplates shall be attached to the equipment enclosures with (2) two stainless steel sheet 
metal screws for nameplates up to 2-inches wide.  For nameplates over 2-inches wide, four 
(4) stainless steel sheet metal screws shall be used, one (1) in each corner of the 
nameplate. The utilization of adhesives is not permitted. 

 
3.02 OPERATIONAL IDENTIFICATION AND WARNINGS 
 

A. Wherever reasonably required to ensure safe and efficient operation and maintenance of 
the electrical systems and electrically connected mechanical systems and general systems 
and equipment, including prevention of misuse of electrical facilities by unauthorized 
personnel, install plastic signs or similar equivalent identification, instruction, or warnings on 
switches, outlets, and other controls, devices, and covers or electrical enclosures.  Where 
detailed instructions or explanations are needed, provide plasticized tags with clearly written 
messages adequate for the intended purposes.  Signs shall be attached as specified above 
for nameplates. 

 
3.03 POWER SOURCE IDENTIFICATION 
 

A. After installation of all field equipment (i.e. valves, motors, fans, unit heaters, instruments, 
etc) install nameplates at each power termination for the field equipment.  Nameplate data 
shall include equipment designation (tag number), power source (MCC number, panelboard, 
etc), circuit number, conduit number from schedule and voltage/phase. 

 
B. Contractor to coordinate with the Engineer and the Owner regarding exact nameplate 

placement during construction. 
 
C. Nameplates shall be as specified herein. 

 
 
 

- END OF SECTION - 
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SECTION 16280 
 

SURGE PROTECTIVE DEVICES 
 
 
 
PART 1 - GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish, install, and place in satisfactory operation, the surge 
protective devices (SPD) as specified herein and indicated on the Drawings.   

 
B. The surge protective devices specified under this Section shall be provided as a stand-

alone unit, separate from the enclosure of the equipment to which they are connected.  
The requirements of this Section shall not apply to equipment where an integral SPD is 
specified. 

 
C. Reference Section 16123 – Low Voltage Wire and Cable; Section 16470 – Panelboards 

 
1.02 CODES AND STANDARDS 

 
A. The surge protective device shall be designed, manufactured, and listed to the following 

standards: 
 
1. Underwriters Laboratories, Inc. (UL) 
 

a. UL1449, latest edition:  Surge Protective Devices 
 

b. UL1283, latest edition:  Electromagnetic Interference Filters 
 
2. American National Standards Institute (ANSI)/Institute of Electrical & Electronic 

Engineers (IEEE) 
 

a. C62.41.1:  2002 Guide for Surge Voltages in Low-Voltage AC Power 
Circuits 
 

b. C62.41.2:  2002 Recommend Practice on Characterization of Surges in 
Low Voltage (100V and Less) AC Power Circuits. 

 
c. C62.45:  2002 IEEE Recommended Practice on Surge Testing for 

Equipment Connected to Low-Voltage (1000V and Less) AC Power 
Circuits 
 

d. C62.62:  2000 IEEE Standard Test Specifications for Surge Protective 
Devices for Low Voltage (1000V and Less) AC Power Circuits 

 
3. National Electric Code (NEC), Latest Edition 

 
 

3
2

4
1

4
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0
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1.03 SUBMITTALS 
 

A. In accordance with the procedures and requirements set forth in General Conditions and 
Section 01 33 00 – Submittal Procedures, the Design/Builder shall obtain from the 
equipment manufacturer and submit the following: 

 
1. Shop Drawings 

 
2. Operation and Maintenance Manuals 

 
3. Spare Parts List 

 
1.04 SHOP DRAWINGS 
 

A. Each submittal shall be complete in all respects, incorporating all information and data 
listed herein and all additional information required for evaluation of the proposed 
equipment's compliance with the Contract Documents. 

 
B. Partial, incomplete, or illegible submittals will be returned to the Design/Builder without 

review for re-submittal.   
 

C. Drawings submitted by the manufacturer shall be complete and documented to provide 
the Owner with operations and maintenance capabilities. 

 
D. Shop drawings for each SPD shall include but not be limited to: 
 

1. A Compliance, Deviations, and Exceptions (CD&E) letter. If the shop drawings 
are submitted without this CD&E letter, the submittal will be rejected. The letter 
shall include all comments, deviations and exceptions taken to the Drawings and 
Specifications by the Design/Builder AND Equipment Manufacturer/Supplier. This 
letter shall include a copy of this specification section. In the left margin beside 
each and every paragraph/item, a letter "C", "D", or "E" shall be typed or written 
in. The letter "C" shall be for full compliance with the requirement. The letter "D" 
shall be for a deviation from the requirement. The letter "E" shall be for taking 
exception to a requirement. Any requirements with the letter "D" or "E" beside 
them shall be provided with a full typewritten explanation of the 
deviation/exception. Handwritten explanation of the deviations/exceptions is not 
acceptable. The CD&E letter shall also address deviations, and exceptions taken 
to each Drawing related to this Specification Section. 
 

2. Product Data Sheets. 
 
3. Detailed drawings showing weights and dimensions. 
 
4. Wiring diagrams showing field connections. 
 
5. Proof that all products provided under this Section are UL listed and labeled by 

Underwriters Laboratories to UL1449, latest Edition.  This proof shall be a copy 
of the data listed under the UL File Number for the manufacturer, which may be 
obtained from the UL Online Certification Directory.  No other means of proving 
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compliance (such as manufacturer data sheets, marketing material, etc) will be 
considered acceptable.   

 
6. Proof of Short Circuit Current Ratings (SCCR), Voltage Protection Ratings 

(VPRs) for all modes, Maximum Continuous Operating Voltage rating (MCOV), 
Nominal Discharge Current (In), and device listing Type shall be submitted using 
the same means as described in the paragraph above. 

 
7. Proof that all products provided under this Section are UL listed and labeled by 

Underwriters Laboratories to UL 1283, latest Edition.  This proof shall be a copy 
of the data listed under the UL File Number for the manufacturer, which may be 
obtained from the UL Online Certification Directory.  No other means of proving 
compliance (such as manufacturer data sheets, marketing material, etc) will be 
considered acceptable. 

 
8. Warranty Information 

 
E. The shop drawing information shall be complete and organized in such a way that the 

Engineer can determine if the requirements of these Specifications are being met.  
Copies of technical bulletins, technical data sheets from "Soft Cover" catalogs, and 
similar information which is "highlighted" or somehow identifies the specific equipment 
items the Design/Builder intends to provide are to provide are acceptable and shall be 
submitted. 

 
1.05 OPERATION AND MAINTENANCE MANUALS 
 

A. The Design/Builder shall submit operation and maintenance manuals in accordance with 
the procedures and requirements set forth in the General Conditions and Division 1. 

 
1.06 SPARE PARTS 
 

A. All spare parts as recommended by the equipment manufacturer shall be furnished by 
the Design/Builder to the Owner. 

 
B. The spare parts shall be packed in containers suitable for long term storage, bearing 

labels clearly designating the contents and the pieces of equipment for which they are 
intended. 

 
C. Spare parts shall be delivered at the same time as the equipment to which they pertain.  

The Design/Builder shall properly store and safeguard such spare parts until completion 
of the Work, at which time they shall be delivered to the Owner. 

 
D. Spare parts lists, included with the shop drawing submittal shall indicate specific sizes, 

quantities, and part numbers of the items to be furnished.  Terms such as "1 lot of 
packing material" are not acceptable. 

 
E. Parts shall be completely identified with a numerical system to facilitate parts inventory 

control and stocking.  Each part shall be properly identified by a separate number.  
Those parts which are identical for more than one size, shall have the same part 
number. 
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1.07 IDENTIFICATION 
 

A. Each SPD shall be identified by the circuit number and equipment name as indicated on 
the Drawings.  A nameplate shall be securely affixed in a conspicuous place on each 
SPD.  Nameplates shall be as specified in Section 16195, Electrical - Identification. 

 
1.08 WARRANTY 
 

A. All SPDs, associated hardware, and supporting components shall be warranted to be 
free from defects in materials and workmanship, under normal use and in accordance 
with the instructions provided, for a period of five (5) years after acceptance of the 
equipment by the Owner. 

 
B. Any component or subassembly contained within the surge protection system that 

shows evidence of failure or incorrect operation during the five (5) year warranty period, 
shall be replaced by the manufacturer at no additional cost to the Owner. 

 
 
PART 2 - PRODUCTS 
 
2.01 GENERAL 
 

A. Type II SPD units shall be UL 1283 Listed and must bear the UL mark.  Units that are 
“manufactured in accordance with” UL 1283 or tested by other testing agencies “in 
accordance with” UL 1283 are not acceptable and will be rejected.  Further, SPD units 
using UL 1283 capacitors but not tested to UL 1283 will be rejected. 
 

B. SPDs shall be provided as a stand-alone unit, separate from the equipment to which 
they are connected. 
 

C. All SPDs furnished and installed under this Contract shall be from the same 
manufacturer. 

 
2.02 PRODUCTS 
 

A. Type II SPDs shall not require the use of a specific upstream overcurrent device.  SPDs 
shall be provided in the location and quantity as shown on the Drawings. 
 

B. Each SPD shall be rated for the voltage and configuration of the equipment to which it is 
connected. 

 
C. Each Type II SPD shall have UL 1283 EMI/RFI filtering with minimum attenuation of -

50dB at 100kHz. 
 
D. The short circuit current rating of each SPD shall match or exceed the rating of the 

equipment to which it is connected.  The Design/Builder shall reference the Drawings for 
short circuit current rating of each piece of equipment. 
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E. Each SPD system shall provide surge protection in all possible modes. Surge protection 
shall be as follows: 
 

SYSTEM CONFIGURATION MODES OF PROTECTION NUMBER OF MODES 

3-Phase Wye L-N, L-G, N-G 7 

Single-Phase L-N, L-G, N-G 3 

 
F. Each SPD shall have a Maximum Continuous Operating Voltage (MCOV) of at least 

115% of the nominal voltage of the equipment to which it is connected. 
 

G. The Nominal Discharge Current (In) of each SPD shall be 20kA.  Peak surge current 
ratings shall not be used as a basis for applying the SPD to the system. 
 

H. The Voltage Protection Rating (VPR) of each SPD shall not exceed the following: 
 

SYSTEM VOLTAGE L-N L-G L-L N-G 

208Y/120 800V 800V 1200V 800V 

120/240 800V 800V 1200V 800V 

 
I. The surge current rating for each SPD shall be as indicated on the Drawings.  Surge 

current ratings are indicated on single line diagrams and in panel schedules.  Surge 
current rating indicated is on a per phase basis. 
 

J. Each SPD shall be provided in an enclosure to match or exceed the NEMA rating of the 
equipment enclosure that it is serving (i.e. NEMA1, NEMA 12, NEMA 4X, etc). 
 

K. Each SPD shall be provided with the following accessories: 
 
1. Each individual module shall feature an LED indicating the individual module has 

all surge protection devices active.  If any single component is taken off-line, the 
LED shall turn off and another LED shall illuminate, providing individual module 
as well as total system status indication. 

 
2. Surge counter and audible alarm with reset/silence switch. 
 
3. One set of Form C (SPDT) dry contacts rated for at least 5A at 120VAC. 
 

L. SPDs shall be as manufactured by Eaton, Thor Systems, ASCO/Emerson Network 
Power, or Square D.  

 
 
PART 3 -- EXECUTION 
 
3.01 INSTALLATION 
 

A. The SPD units shall be furnished and installed as shown on the Drawings and in 
accordance with the manufacturer's installation instructions.  One (1) copy of these 
instructions shall be included with the equipment at time of shipment. 
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B. The SPD units shall be mounted such that the conductor lengths are as short as 
possible, but no greater than 36 inches.  Any installation resulting in a conductor length 
of greater than 36 inches shall be reviewed with the Engineer as a special type of cable 
may need to be installed.  For equipment such as panelboards, the Design/Builder shall 
relocate the circuit breaker that is to be connected to the SPD as needed to achieve the 
shortest conductor length possible. 
 

C. The Design/Builder shall use a close nipple to enclose the conductors between the SPD 
and the equipment served.  However, if due to field conditions a 90 degree conduit bend 
is required to connect the SPD to the equipment that it serves, the bend shall have a 
minimum radius of 36 inches to eliminate any potential for sharp bends in the 
conductors.   
 

D. Conductors between the equipment served and the SPD shall be 600V power wire and 
cable as specified in Section 16123 – Low Voltage Wire and Cable.  The individual 
conductors shall be gently twisted, and shall be sized as indicated on the Drawings. 
 

E. Prior to energizing, the Design/Builder shall verify that the SPD unit voltage and 
configuration is suitable for the system to which it is connected. 
 

F. Prior to energizing, the Design/Builder shall also verify that any Neutral to Ground 
bonding jumpers are installed as required. 
 

G. Prior to energizing, the Design/Builder shall also verify that the impedence of the 
equipment grounding conductor between the SPD and the grounding electrode system 
is less than 1 ohm. 

 
3.02 TESTING 
 

A. All tests shall be performed in accordance with the requirements of the General 
Conditions and Division 1.  The following tests are required: 
 
1. Shop Tests  

 
a. Standard factory tests shall be performed on the equipment under this 

section.  All tests shall be in accordance with the latest version of NEMA, 
ANSI, and UL standards. 
 

b. All surge protective devices, subassemblies, and components shall be 
100% tested and certified by the manufacturer to meet their published 
performance parameters. 

 
2. Field Tests 

 
a. None required. 

 
 
 

- END OF SECTION - 
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SECTION 16427 
 

MAIN CIRCUIT BREAKER ENCLOSURE 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish, install, test, and place in satisfactory operation, the low 
voltage main circuit breaker (MCB) enclosure as specified herein and indicated on the 
Drawings.   

 
B. The MCB assembly shall serve as the service entrance equipment and include the utility 

provider’s current transformer compartment.  See Section 16000 for Dominion Virginia 
Power contact information. 

 
C. The Design/Builder shall obtain the MCB enclosure from one manufacturer who shall also 

manufacture the structure and major equipment components, which includes, but is not 
limited to, circuit breakers, control power transformers, heaters, and controls. The MCB 
enclosure shall also be the same manufacturer as the motor control center (Section 
16482).  Sub-contracting of wiring is not acceptable. 

 
D. The MCB enclosure shall be assembled using NEMA rated components.  Components 

designed and built to International Electrotechnical Commission (IEC) standards or dual 
rated are not recognized. Equipment designed, manufactured and labeled in compliance 
with IEC standards is not acceptable. 

 
1.02 CODES AND STANDARDS 
 

A. All equipment shall be listed by and shall bear the label of Underwriter's Laboratories, 
Incorporated (U.L.). 

 
B. The equipment shall comply with the following codes and standards: 

 
1. Dominion Virginia Power (DVP) 

 
a. Information and Requirements for Electric Service (2017 Edition) (Blue 

Book) 
 
2. National Electrical Code (NEC) 
 
3. Institute of Electrical and Electronic Engineers (IEEE)  
 
4. American National Standards Institute (ANSI): 

  
a. C12.1 - Code for Electricity Metering 
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4. National Electrical Manufacturer's Association (NEMA): 
 

a. SG3 - Low-Voltage Power Circuit Breakers. 
 
b. PB 2 - Deadfront Distribution Switchboards. 
 

5. Underwriters Laboratories, Inc. (U.L.): 
 

a. U.L. 98 - Enclosed and Dead Front Switches. 
 
b. U.L. 891 - Dead-Front Switchboards. 
 
c. UL 1066 –Low-Voltage AC and DC Power Circuit Breakers Used in 

Enclosures 
 

1.03 SUBMITTALS 
 

A. In accordance with the procedures and requirements set forth in the General Conditions 
and Section 01 33 00 – Submittal Procedures, the Design/Builder shall obtain from the 
equipment manufacturer and submit the following: 

 
1. Shop Drawings 
 
2. Operation and Maintenance Manuals 
 
3. Spare Parts List 
 
4. Reports of Certified Shop and Field Tests 
 
5. Manufacturer’s Representatives Installation Certification 

 
B. Each submittal shall be identified by the applicable specification section. 

 
1.04 SHOP DRAWINGS 
 

A. Each submittal shall be complete in all respects, incorporating all information and data 
listed herein and all additional information required for evaluation of the proposed 
equipment's compliance with the Contract Documents. 
 

B. Shop drawings shall be submitted and approved by Dominion Virginia Power prior to 
purchase. 

 
B. Partial, incomplete or illegible submissions will be returned to the Design/Builder without 

review for resubmittal.  
 

C. Shop drawings for the MCB enclosure assembly shall include but not be limited to: 
 

1. A Compliance, Deviations, and Exceptions (CD&E) letter.  If the shop drawings are 
submitted without this CD&E letter, the submittal will be rejected.  The letter shall 
include all comments, deviations and exceptions taken to the Drawings and 



 
Sustainable Water Phase 3 –  Main Circuit Breaker Enclosure – REV 0 
Demonstration Facility 16427-3  IFC June 2017 
 

Specifications by the Design/Builder AND Equipment Manufacturer/Supplier.  This 
letter shall include a copy of this specification section.  In the left margin beside 
each and every paragraph/item, a letter "C", "D", or "E" shall be typed or written in.  
The letter "C" shall be for full compliance with the requirement.  The letter "D" shall 
be for a deviation from the requirement.  The letter "E" shall be for taking exception 
to a requirement.  Any requirements with the letter "D" or "E" beside them shall be 
provided with a full typewritten explanation of the deviation/exception.  Handwritten 
explanation of the deviations/exceptions is not acceptable.  The CD&E letter shall 
also address deviations, and exceptions taken to each Drawing related to this 
Specification Section. 

 
2. Product data sheets identifying all electrical ratings. 
 
3. Complete assembly, layout, anchoring, and installation drawings with clearly 

marked dimensions. 
 
4. Approximate total shipping weight of each equipment assembly. 
 
5. Example equipment nameplate data sheet. 
 
6. Plan, front and side view drawings, including overall dimensions of the MCB 

enclosure assembly.  Identify shipping splits and show conduit stub-up area 
locations on the Drawings. 

 
7. Internal wiring diagram of the MCB enclosure assembly.  Each wiring diagram shall 

include wire identification and terminal numbers. 
 
8. Internal interconnection wiring diagrams including wiring identification and terminal 

numbers. 
 
9. Complete single line diagram for the MCB enclosure line-up.  The drawing shall 

indicate devices comprising the MCB enclosure assembly including, but not limited 
to, circuit breaker, control power and instrument transformers, and control devices.  
Clearly indicate electrical ratings of all devices. 

 
10. Bill of material list for MCB enclosure assembly. 
 
11. Nameplate schedule. 
 
12. Manufacturer's installation instructions. 
 
13. Manufacturer's warranty statement. 
 
14. Key interlock scheme drawing and sequence of operations. 

 
The shop drawing information shall be complete and organized in such a way that the 
Engineer can determine if the requirements of these specifications are being met.  Copies 
of technical bulletins, technical data sheets from "soft-cover" catalogs, and similar 
information which is "highlighted" or somehow identifies the specific equipment items the 
Design/Builder intends to provide are acceptable and shall be submitted. 
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1.05 OPERATIONS AND MAINTENANCE MANUALS 
 

A. The Design/Builder shall submit operation and maintenance manuals in accordance with 
the procedures and requirements set forth in the General Conditions and Division 1.  The 
manuals shall include: 

 
1. Instruction books and/or leaflets. 
 
2. Recommended spare parts list. 
 
3. Final as-built construction drawings included in the shop drawings incorporating all 

changes made in the manufacturing process and field installation. 
 
1.06 SPARE PARTS 
 

A. The MCB enclosure shall be furnished with all spare parts as recommended by the 
equipment manufacturer.   

 
B. The spare parts shall be packed in containers suitable for long term storage, bearing labels 

clearly designating the contents and the pieces of equipment for which they are intended. 
 

C. Spare parts shall be delivered at the same time as the equipment to which they pertain.  
The Design/Builder shall properly store and safeguard such spare parts until completion 
of the Work, at which time they shall be delivered to the Owner. 

 
D. Spare parts lists, included with the shop drawing submittal shall indicate specific sizes, 

quantities, and part numbers of the items to be furnished.  Terms such as "1 lot of packing 
material" are not acceptable. 

 
E. Parts shall be completely identified with a numerical system to facilitate parts inventory 

control and stocking.  Each part shall be properly identified by a separate number.  Those 
parts which are identical for more than one size, shall have the same parts number. 

 
1.07 IDENTIFICATION 
 

A. MCB enclosure assembly shall be identified with the identification name “MAIN CIRCUIT 
BREAKER”.  A nameplate shall be securely affixed in a conspicuous place on each MCB 
enclosure assembly.  Nameplates shall be as specified in Section 16195, Electrical - 
Identification. 

 
1.08 WARNING LABELING 
 

A. Provide permanent warning labeling on main circuit breaker enclosure indicating multiple 
sources of power exist in the building.  Provide location identification for DCS system 
disconnect source and solar system source per NEC requirements. 

 
 
PART 2 -- PRODUCTS 
 



 
Sustainable Water Phase 3 –  Main Circuit Breaker Enclosure – REV 0 
Demonstration Facility 16427-5  IFC June 2017 
 

2.01 MANUFACTURERS 
 

A. The equipment covered by these specifications is intended to be standard equipment of 
proven performance as manufactured by reputable concerns.  Equipment shall be 
designed, constructed, and installed in accordance with the best practices of the trade, 
and shall operate satisfactorily when installed as shown on the Drawings. 

 
B. It is the intent of these specifications that the MCB enclosure be produced by a single 

manufacturer who shall be responsible for matching all components and providing 
equipment which functions together as a system.   

 
C. The equipment shall be Pow-R-Line C as manufactured by Eaton or approved equivalent.   

 
2.02 MAIN CIRCUIT BREAKER ENCLOSURE 
 

A. General 
 

1. Furnish and install dead-front type, completely metal enclosed, self-supporting 
electrical equipment including main circuit breaker(s) and metering CT 
compartment.  The equipment shall meet Underwriters' Laboratories requirements 
and shall be a furnished with a U.L. service entrance label. 

 
2. The main breaker and metering CT compartment section shall be NEMA Type 3R 

industrial use enclosures.  The MCB and metering CT sections shall be totally 
accessible from the front.  The framework shall be of U.L. gauge steel.  Ventilation 
shall be provided as required. 

 
3. All wire troughs shall have hinged doors. 
 
4. The equipment assemblies shall be suitable for operation at the available fault 

current, 65 kA (minimum).  The equipment assemblies shall be labeled to indicate 
the maximum available fault current rating, taking into account the structure, 
bussing, main circuit breaker and.  The short circuit current rating shall not be less 
than that specified herein or indicated on the Drawings.   

 
5. All bus shall be tin-plated copper.  The bussing shall be of sufficient cross sectional 

area to meet U.L. standard 891 for temperature rise.  The fully rated main bus shall 
have a maximum ampacity as indicated on the Drawings and extend the full length 
of the equipment.  The main bus shall be 100 percent rated.  The ground bus shall 
be sized per U.L. standard 891, installed in the entire length of the equipment 
assemblies.  

 
B. Utility Pull and Metering Section 

 
1. The Design/Builder shall furnish and install a pull and metering section, as 

required, in accordance with all applicable utility requirements.  This section shall 
be suitable for outdoor use. 
 

2. The section shall be fed from the bottom in. 
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3. The enclosure shall be Eaton preapproved Dominion Power compartment drawing 
no. 8807C576. 

 
4. The Design/Builder shall be responsible for all final coordination with the electric 

utility to furnish and install the necessary equipment to meet the latest utility 
requirements.  This includes pull and metering section dimensions, materials of 
construction, location, bus/cable restrictions, and requirements for concrete pad, 
bumper posts, and similar equipment. 

 
C. Main Circuit Breaker Section 

 
1. The main circuit breaker section shall be furnished and installed for front 

accessibility.  The section shall feed bottom out. 
 
2. The main circuit breaker shall be a fixed type, insulated case power circuit breaker, 

electrically operated, on-off breaker, 100 percent rated with full-function trip 
system, sensors, and rating plug. 
 

3. Breaker shall include a “maintenance mode” switch to for arc flash reduction. 
 
4. Provide control power and current transformers as required.  Provide a minimum 

of two (2) auxiliary contacts for remote indication of breaker position.  Provide other 
accessories as specified herein or indicated on the Drawings. 

 
5. Circuit breakers shall be rated in accordance with Underwriters Laboratories 

Standards, with the following minimum ratings: 
 
a. Nominal voltage: 480 volts. 
 
b. Maximum design voltage: 600 volts 
 
c. Low frequency withstand: 2.2 kV 
 
d. Sensor rating:  Same as frame rating. 
 
e. Rated interrupting time:  5 cycles or less 
 
g. Interrupting capability at rated voltage:  65,000 (symmetrical). To assure a 

fully selective system, all circuit breakers shall have 30 cycle short time 
withstand ratings equal to their symmetrical interrupting ratings, regardless 
of whether equipped with instantaneous trip protection or not. 

 
6. Provide key interlocks as indicated on the Drawings. 

 

7. Each low voltage power circuit breaker shall be equipped with current sensors and 
a self-powered microprocessor-based trip device to sense overload and short 
circuit conditions.  Trip devices shall be interchangeable so that any trip device can 
be used with any frame size circuit breaker.  The device shall measure true RMS 
currents. Peak sensing devices will not be accepted.  All adjustment setting 
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switches shall be digitally encoded type with gold contacts.  Trip units shall be 
removable. 
 

8. Equip each circuit breaker with a Eaton Digitrip 520MC or equivalent 
microprocessor based trip unit complete with rating plug size as indicated on the 
Drawings.  The trip units shall be furnished complete with all additional modules 
required to facilitate all trip unit functions.  Trip units shall have adjustable long, 
short, instantaneous and ground fault functions.  The main circuit breaker trip units 
shall be provided with a reduced energy let-thru mode to reduce arc-flash energy.  
The trip unit manufacturer shall match the manufacturer of the circuit breakers and 
other components of the switchgear assembly. 
 

9. A programmable alarm relay output shall be provided to activate based on 
threshold and time delay values associated with any of the measured parameters.  
Alarm output operation shall be recorded in an event log.   
 

10. The trip unit shall include an integral test pushbutton.  A keypad shall be provided 
to enable the user to select the values of test currents within a range of available 
settings.  The protection functions shall not be affected during test operations.  The 
breaker may be tested in the TRIP or NO TRIP test mode. 
 

11. Each circuit breaker shall be provided with "a" and "b" auxiliary contacts which will 
open or close when the breaker is open or closed.  Each breaker shall also be 
provided with an alarm switch or contact to indicate that the breaker has tripped.  

 
C. Operation and Interlocks  

 
1. The main circuit breaker shall be interlocked with the generator connection circuit 

breaker by key interlocks.  Key interlocks shall be accessible without opening the 
circuit breaker compartment door and shall function as follows: 

 
a. Prevent closing the main circuit breaker when the generator circuit breaker 

is CLOSED. 
 

b. Permit closing the main circuit breaker when the generator circuit breaker 
is OPEN. 

 
c. Prevent closing the generator circuit breaker when the main circuit breaker 

is  CLOSED. 
 

d. Permit closing the generator circuit breaker when the main circuit breaker 
is OPEN. 

 
These key interlocks are in addition to electrical interlocks specified herein or 
indicated on the Drawings. 
 

D. Remote Breaker Control Box 
 
1. The main circuit breaker remote breaker control box will be located in the electrical 

room.  Provide the following indications and controls. 
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a. Open LED indication “Green” 
b. Closed LED indication “Red” 
c. Close pushbutton (guarded) 
d. Open pushbutton (guarded) 

 
2. Entire box shall have a hinged cover. 

  
 
PART 3 -- EXECUTION 
 
3.01 INSTALLATION 
 

A. The MCB enclosure shall be furnished and installed as shown on the Drawings and in 
accordance with the manufacturer's installation instructions.  One (1) copy of these 
instructions shall be included with the equipment at time of shipment.  The equipment shall 
be suitably protected until accepted by the Owner. 

 
B. The equipment shall be installed and checked in accordance with the manufacturer's 

recommendations.  This shall include but not limited to:   
 

1. Checking to ensure that the pad location is level to within .125 inches. 
 
2. Checking to ensure that all bus bars are torqued to the manufacturer's 

recommendations. 
 
3. Assemble all shipping sections, remove all shipping braces and connect all 

shipping split mechanical and electrical connections. 
 
4. Secure assemblies to foundation or floor channels. 
 

3.02 PAINTING 
 

A. Prior to final completion of the work, all metal surfaces of the equipment shall be cleaned 
thoroughly, and all scratches and abrasions shall be retouched with the same lacquer as 
used for shop finishing coats. 

 
3.03 TESTING 
 

A. All tests shall be performed in accordance with the requirements of the General 
Conditions, and Division 1.  The following tests are required: 
 
1. Witness Shop Tests 
 

a. Not required. 
 

2. Certified Shop Tests and Reports 
 

a. Submit description of proposed testing methods, procedures, and 
apparatus. Submit notarized and certified copies of all test reports. 
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b. As a minimum, the entire MCB enclosure assembly shall go through a 

quality inspection before shipment.  This inspection shall include, but is not 
limited to, the following: 

 
i. Physical inspection of the structure and the electrical conductors 

including bussing, general wiring, and units. 
 
ii. General electrical tests including power circuit phasing, control 

circuit wiring, instrument transformers, meters, ground fault system, 
and device electrical operation. 

 
iii. AC dielectric tests of the power circuits and control circuits. 
 
iv. Markings/labels, including instructional type, Underwriters 

Laboratory (U.L.), and inspector's stamps. 
 

The manufacturer shall use integral quality control checks throughout the 
manufacturing process to maintain the correctness of the MCB enclosure. 

 
3. Field Tests 
 

a. Field tests shall be performed in accordance with requirements specified in 
the General Conditions, Division 1, and NETA Acceptance Testing 
Specifications, latest edition   

 
3.04 SERVICES OF MANUFACTURER'S REPRESENTATIVE 

 
A. The Design/Builder shall provide the services of a qualified, factory-trained manufacturer's 

technical representative who shall adequately supervise the installation and testing of all 
equipment furnished under this Contract.  The manufacturer's representative shall certify 
in writing that the equipment has been installed in accordance with the manufacturer's 
recommendations.  No further testing or equipment startup may take place until this 
certification is accepted by the Owner.   

 
B. The manufacturer’s technical representative shall perform startup and functional testing 

of the MCB enclosure and controls as specified herein.   
 
C. The Design/Builder shall provide training for Owner personnel.  Training shall be 

conducted by the manufacturer's factory-trained representative who shall instruct Owner 
personnel in operation and maintenance of all equipment provided under this Section.  
Training shall be provided as part of the motor control center training.  See Section 16482. 

 
3.05 FIELD ADJUSTMENTS 
 

A. The circuit breaker trip units shall be set in the field by a qualified representative of the 
manufacturer, or an outside testing company retained by the Design/Builder, in 
accordance with the settings designated in the coordination study.  See Section 16000 – 
Basic Electrical Requirements. 
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- END OF SECTION - 
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SECTION 16429 
 

GENERATOR TERMINATION CABINET 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish, install, test, and place in satisfactory operation, the low 
voltage generator termination cabinet (load bank connection) as specified herein and 
indicated on the Drawings.   

 
B. The termination cabinet shall contain generator receptacle connections on a dead front 

panel and all accessories as specified herein, indicated on the Drawings, and as 
required to result in a complete and operable termination cabinet assembly. 

 
1.02 CODES AND STANDARDS 
 

A. All equipment shall be listed by and shall bear the label of Underwriter's Laboratories, 
Incorporated, (U.L.). 

 
1.03 TESTING 
 

A. All tests shall be performed in accordance with the requirements of the General 
Conditions, Division 1, and NETA acceptance testing specifications as referenced in 
Section 16000, Basic Electrical Requirements.  The following tests are required: 

 
1. Witness Shop Tests 

 
a. None required.  

 
2. Certified Shop Tests and Reports 

 
a. Submit description of proposed testing methods, procedures, and 

apparatus. Submit notarized and certified copies of all test reports. 
 

b. As a minimum, the entire termination cabinet assembly shall go through a 
quality inspection before installation.  This inspection shall include, but is 
not limited to, the following: 

 
i. Physical inspection of the structure and the electrical conductors 

including bussing, general wiring, and units. 
 

ii. General electrical tests of each phase as recommended by the 
manufacturer. 

 
iii. Markings/labels, including instructional type, Underwriters 

Laboratory (U.L.), and inspector's stamps. 
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3. Field Tests 

 
a. Field tests shall be performed in accordance with requirements specified 

in the General Conditions, Division 1, and NETA acceptance testing 
specifications referenced in Section 16000, Basic Electrical 
Requirements.   

 
1.04 SUBMITTALS 
 

A. In accordance with the procedures and requirements set forth in the General Conditions 
and Section 01 33 00 – Submittal Procedures, the Design/Builder shall obtain from the 
equipment manufacturer and submit the following: 

 
1. Shop Drawings 

 
2. Operation and Maintenance Manuals 

 
3. Spare Parts List 

 
4. Special Tools List 

 
5. Reports of Certified Shop Tests 

 
B. Each submittal shall be identified by the applicable specification section. 

 
1.05 SHOP DRAWINGS 
 

A. Each submittal shall be complete in all respects, incorporating all information and data 
listed herein and all additional information required for evaluation of the proposed 
equipment's compliance with the Contract Documents. 

 
B. Partial, incomplete or illegible submissions will be returned to the Design/Builder without 

review for resubmittal.  
 

C. Shop drawings for each termination cabinet assembly shall include but not be limited to: 
 

1. Product data sheets identifying all electrical ratings. 
 
2. Complete assembly, layout, and installation drawings with clearly marked 

dimensions. 
 
3. Approximate total shipping weight of each equipment assembly. 
 
4. Plan, front and side view drawings, including overall dimensions.   
 
5. Show conduit entry and exit locations on the Drawings. 
 
6. Assembly ratings including voltage, continuous current amperage rating, and 

short circuit rating. 
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7. Product data sheets. 
 
8. Manufacturer's installation instructions. 
 
9. Manufacturer's standard warranty. 
 
The shop drawing information shall be complete and organized in such a way that the 
Engineer can determine if the requirements of these specifications are being met.  
Copies of technical bulletins, technical data sheets from "soft-cover" catalogs, and 
similar information which is "highlighted" or somehow identifies the specific equipment 
items the Design/Builder intends to provide are acceptable and shall be submitted. 

 
1.06 IDENTIFICATION 
 

A. Generator termination cabinet shall be identified as “GENERATOR TERMINATION 
CABINET”.  A nameplate shall be securely affixed to the front cover.  Nameplates shall 
be as specified in Section 16195, Electrical - Identification. 

 
 
PART 2 -- PRODUCTS 
 
2.01 MANUFACTURERS 
 

A. The equipment covered by these specifications is intended to be standard equipment of 
proven performance as manufactured by reputable concerns.  Equipment shall be 
designed, constructed, and installed in accordance with the best practices of the trade, 
and shall operate satisfactorily when installed as shown on the Drawings. 

 
2.02 TERMINATION CABINET 
 

A. Panel Receptacles 
 

1. The termination cabinet shall be provided with Leviton 16 series or Eaton 1016 
series, male, cam-type rated 400 amperes (each), 600 volt, for connection of 
generator power phases (A, B, C), neutral and grounding conductors.  
 

2. Provide quantity as required for 1600 amperes total connection. 
 
3. All inlets shall be provided with attached covers for when not in use. 
 
4. The grounding connection inlet shall be connected to the enclosure and a lug 

provided for connection to the building grounding grid. 
 

5. All connections for phases, neutral, ground, etc., shall be clearly marked via 
labeling and the following color coding. 
 

a. A Phase – Brown 
b. B Phase – Orange 
c. C Phase – Yellow 
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d. Ground – Green 
e. Neutral – White 

 
B. Enclosure 
 

1. The termination cabinet enclosure shall a lockable hinged, NEMA 4X stainless 
steel enclosure. 
a. One door shall be provided for access to cable connections 
b. A second door shall be provided for portable cable entry while in use. 

 
2. Cover shall be provided with a pad lockable hasp. 

 
3. Cables for connection to the MCC shall be bottom fed. 

 
C. Dead Front Plate 

 
1. Provide the termination cabinet enclosure with an dead front panel. 

 
2. Panel shall be ¼” minimum thickness stainless steel or aluminum.  

 
3. Mount the dead front panel with machine screws and nut. 

 
D. Bus Connections 

 
1. Inlets shall be direction connected to the internal bus structure. 

 
2. Provide the termination cabinet enclosure with a minimum of 3/8” copper bus 

bars with a minimum NEMA standard holes for connection of the quantity of 
cables as indicated on the Plans. 

 
 
PART 3 -- EXECUTION 
 
3.01 INSTALLATION 
 

A. The termination cabinet shall be furnished and installed as shown on the Drawings and 
in accordance with the manufacturer's installation instructions.  The equipment shall be 
suitably protected until accepted by the Owner. 

 
 

- END OF SECTION - 
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SECTION 16440 
 

DISCONNECT SWITCHES 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish and install separately mounted, individual disconnect 
switches as specified herein and indicated on the Drawings. 
 

B. Disconnect switches for process instruments are not included in the scope of this Section 
and shall be as specified in Section 16141 – Wiring Devices. 

 
1.02 CODES AND STANDARDS 
 

A. Disconnect switches shall be designed, manufactured, and/or listed to the following 
standards as applicable: 
 
1. UL 98 – Enclosed and Dead-Front Switches 

 
2. NEMA 250 – Enclosures for Electrical Equipment 
 
3. NEMA KS 1 – Heavy Duty Enclosed and Dead-Front Switches 

 
1.03 SUBMITTALS 
 

A. In accordance with the procedures and requirements set forth in the General Conditions and 
Section 01 33 00 – Submittal Procedures, the Design/Builder shall obtain from the 
equipment manufacturer and submit the following: 

 
1. Shop Drawings 

 
2. Spare Parts List 

 
B. Each submittal shall be identified by the applicable specification section. 

 
1.04 SHOP DRAWINGS 
 

A. Each submittal shall be complete in all respects, incorporating all information and data listed 
herein and all additional information required for evaluation of the proposed equipment's 
compliance with the Contract Documents. 

 
B. Partial, incomplete or illegible submittals will be returned to the Design/Builder without review 

for resubmittal. 
 

3
2
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C. Shop drawings shall include but not be limited to: 
 

1. Product data sheets. 
 

2. Complete layout and installation drawings with clearly marked dimensions for each 
type/size/rating of disconnect switch. 

 
3. Assembled weight of each unit. 

 
D. The shop drawing information shall be complete and organized in such a way that the 

Engineer can determine if the requirements of these Specifications are being met.  Copies of 
technical bulletins, technical data sheets from "soft-cover" catalogs, and similar information 
which is "highlighted" or somehow identifies the specific equipment items that the 
Design/Builder intends to provide are acceptable and shall be submitted. 

 
1.05 SPARE PARTS 
 

A. The equipment shall be furnished with all spare parts as recommended by the equipment 
manufacturer. 

 
B. One (1) complete set of spare fuses for each ampere rating installed shall be furnished and 

delivered to the Owner at the time of final inspection. 
 

C. Spare parts lists, included with the shop drawing submittal, shall indicate specific sizes, 
quantities, and part numbers of the items to be furnished.  Terms such as "1 lot of packing 
material" are not acceptable. 

 
D. Parts shall be completely identified with a numerical system to facilitate parts inventory 

control and stocking.  Each part shall be properly identified by a separate number.  Those 
parts which are identical for more than one size, shall have the same parts number. 

 
1.05 IDENTIFICATION 
 

A. Each equipment item shall be identified with a nameplate.  The nameplate shall be engraved 
indicating the circuit number and equipment name with which it is associated.  Equipment 
identification shall be in accordance with Section 16195, Electrical - Identification. 

 
 
PART 2 -- PRODUCTS 
 
2.01 MANUFACTURERS 
 

A. The equipment covered by this Specification is intended to be standard equipment of proven 
performance as manufactured by reputable concerns.  Equipment shall be designed, 
constructed and installed in accordance with the best practices of the trade, and shall 
operate satisfactorily when installed as shown on the Drawings. 

 
B. Switches shall be manufactured by the Square D Company, Eaton, or the General Electric 

Company. 
 



Sustainable Water Phase 3 –  Disconnect Switches – REV 0 
Demonstration Facility 16440-3 IFC June 2017 

2.02 DISCONNECT SWITCHES 
 

A. Disconnect switches shall be heavy-duty type and/or as specified in these Specifications. 
Switches shall be furnished and installed as shown on the Drawings and as required by the 
NEC.  Handles shall be pad lockable. 

 
B. Disconnect switches for shall be UL 98 Listed. 

 
C. Switches shall meet NEMA Standard KS 1 type HD requirements, be, single-throw, be 

externally operated, and be fused or non-fused as indicated on the Drawings.  Switches 
shall have the number of the poles, voltage, and ampere ratings as shown on the Drawings. 
  

D. Disconnect switches shall be furnished with the following enclosure type and material of 
construction, dependent upon the designation of the area in which they are to be installed.  
Area designations are indicated on the Drawings. 

 

AREA DESIGNATION ENCLOSURE TYPE AND MATERIAL 

Indoor Wet Process Area NEMA 4X, Type 304 Stainless Steel 

Indoor Dry Process Area NEMA 12, Painted Steel 

Indoor Dry Non-process Area NEMA 1, Painted Steel 

Indoor Type 1 Chemical Storage/Transfer 
Area 

NEMA 4X, Fiberglass 

Indoor Type 2 Chemical Storage/Transfer 
Area 

NEMA 4X, Type 304 Stainless Steel 

All Outdoor Areas NEMA 4X, Type 304 Stainless Steel 

 
E. Disconnect switches shall be quick-make, quick-break and with an interlocked cover which 

cannot be opened when switch is in the "ON" position and capable of being locked in the 
"OPEN" position.   

 
F. A complete set of fuses for all switches shall be furnished and installed as required.  

Time-current characteristic curves of fuses serving motors or connected in series with circuit 
breakers shall be coordinated for proper operation.  Fuses shall have voltage rating not less 
than the circuit voltage. 

 
G. Disconnect switches shall be furnished with a factory installed internal barrier kit that helps 

prevent accidental contact with live parts and provides “finger-safe” protection when the door 
of the enclosed switch is open. 

 
H. Disconnect switches shall be furnished with a manufacturer-supplied ground lug kit for 

termination of equipment grounding conductors.  Where a grounded (neutral) conductor is 
shown on the Drawings in the conduits connected to the disconnect switch, a manufacturer-
supplied neutral bar shall be furnished for termination of the grounded conductors.  Third 
party ground lug and neutral lug kits not supplied by the disconnect switch manufacturer are 
not acceptable. 

 
I. Fused disconnect switches shall be furnished for motor operated valve and gate actuators 

where shown on the Drawings.  The Design/Builder shall coordinate the supply of these 
fused switches with the specific requirements of the actuator.  Fuses with fast fault clearing 
times may be required for modulating valve actuators. 
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J. Disconnect switches for all motors connected to variable frequency drives (VFDs) shall be 
furnished with a factory installed electrical interlock kit that includes one (1) early-break 
auxiliary contact rated for 5A (minimum) at 120 VAC to be used to open the control circuit 
before the main switch blades break. 

 
 
PART 3 -- EXECUTION 
 
3.01 INSTALLATION 
 

A. All disconnect switches shall be mounted five (5) feet above the floor or finished grade, at 
the equipment height where appropriate, or where shown otherwise. 
 

B. Disconnect switches shall be provided in the enclosure type and material of construction 
required for the area in which it is installed.  Reference the requirements in Part 2 herein, 
and the area designations indicated on the Drawings. 

 
3.02 TESTING 
 

A. All tests shall be performed in accordance with the requirements of the General Conditions 
and Division 1.  The following tests are required: 

 

1. Field Tests 
 

a. Field testing shall be done in accordance with the requirements specified in 
the General Conditions, Division 1, and NETA Acceptance Testing 
Specifications, latest edition. 

 
 

 
- END OF SECTION - 
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SECTION 16461 
 

DRY TYPE DISTRIBUTION TRANSFORMERS 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish, install, and test transformers for power and lighting 
distribution systems as specified herein, as indicated on the Drawings, and as required to 
complete the electrical installations. 

 
B. All equipment specified in this Section shall be furnished by the transformer manufacturer 

who shall be responsible for the suitability and compatibility of all included equipment. 
 

C. Reference Section 16000, Basic Electrical Requirements. 
 
1.02 CODES AND STANDARDS 
 

A. Transformers shall conform to all applicable Federal, UL, and NEMA standards. Materials 
and components shall be new and conform to grades, qualities and standards as specified 
herein and shown on the Drawings. 

 
B. Transformers shall comply with the following standards: 

 
1. UL 1561 – Dry Type General Purpose and Power Transformers 
 
2. U.S. Department of Energy 2016 Efficiency 
 
3. National Electrical Code 
 
4. NEMA ST-20 – Dry Type Transformers for General Applications 
 
5. ANSI C57 – Standard General Requirements for Dry Type Distribution and Power 

Transformers 
 

1.03 SUBMITTALS 
 

A. In accordance with the procedures and requirements set forth in the General Conditions and 
Section 01 33 00 – Submittal Procedures, the Design/Builder shall obtain from the 
equipment manufacturer and submit the following: 

 
1. Shop Drawings. 

 
2. Operation and Maintenance Manuals. 

 
3. Spare Parts List. 

 
4. Reports of Certified Shop Field Tests. 

 
B. Each submittal shall be identified by the applicable specification section. 
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1.04 SHOP DRAWINGS 
 

A. Each submittal shall be complete in all respects, incorporating all information and data listed 
herein, and all additional information required for evaluation of the proposed equipment's 
compliance with the Contract Documents. 

 
B. Partial, incomplete, or illegible submittals will be returned to the Design/Builder without 

review for resubmittal. 
 

C. Shop drawings shall include but not be limited to: 
 

1. Product data sheets. 
 

2. Drawings showing clearly marked dimensions and weight for each transformer. 
 

3. Sample equipment nameplate diagram. 
 

D. The submittal information shall reflect the specific equipment identification number as 
indicated on the Drawings (e.g. TX-LP-SRC-2). 

 
E. The shop drawing information shall be complete and organized in such a way that the 

Engineer can determine if the requirements of these Specifications are being met.  Copies of 
technical bulletins, technical data sheets from "soft-cover" catalogs, and similar information 
which is "highlighted" or somehow identifies the specific equipment items that the 
Design/Builder intends to provide are acceptable and shall be submitted. 

 
1.05 OPERATION AND MAINTENANCE MANUALS 
 

A. The Design/Builder shall submit operation and maintenance manuals in accordance with the 
procedures and requirements set forth in the General Conditions and Division 1. 

 
1.06 SPARE PARTS 
 

A. All spare parts as recommended by the equipment manufacturer shall be furnished to the 
Owner by the Design/Builder. 

 
B. Spare parts lists, included with the Shop Drawing submittal, shall indicate specific sizes, 

quantities, and part numbers of the items to be furnished.  Terms such as "1 lot of packing 
material" are not acceptable. 

 
C. Parts shall be completely identified with a numerical system to facilitate parts inventory 

control and stocking.  Each part shall be properly identified by a separate number.  Those 
parts which are identical for more than one size, shall have the same parts number. 

 
1.07 IDENTIFICATION 
 

A. Each transformer shall be identified with the equipment item number indicated on the 
Contract Drawings and the accepted Shop Drawings.  A nameplate shall be securely affixed 
in a conspicuous place on each transformer.  Nameplates shall be as specified in 
Section 16195, Electrical - Identification. 
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PART 2 -- PRODUCTS 
 
2.01 MANUFACTURERS 
 

A. The equipment covered by this Specification is intended to be standard equipment of proven 
performance as manufactured by reputable concerns.  Equipment shall be designed, 
constructed and installed in accordance with the best practices of the trade, and shall 
operate satisfactorily when installed as shown on the Drawings. 

 
B. Dry type distribution transformers shall be Energy Star compliant and manufactured by the 

Square D Company, the General Electric Company, or Eaton. 
 
2.02 DRY TYPE TRANSFORMERS 
 

A. Furnish and install single-phase and three-phase general purpose, dry-type transformers, as 
specified herein and indicated on the Drawings.  The transformers shall be 60 Hz, 
self-cooled, quiet-design insulated of the two winding type. 

 
B. The transformers shall be UL 1561 Listed. 

 
C. The primary windings shall be rated 480 VAC for use on 3-phase systems and connected 

delta unless indicated otherwise on the Drawings.  KVA ratings shall be as shown on the 
Drawings.  Furnish transformers with two 2-1/2% primary taps above, and four 2-1/2% 
primary taps below rated voltage for transformers 15 KVA and above, and two 2-1/2% 
primary taps above, and two 2-1/2% primary taps below rated voltage for transformers less 
than 15 kVA.  All taps shall be full capacity rated. 

 
D. The ratings of the secondary windings shall be as indicated on the Drawings. 

 
E. Transformers shall be designed for continuous operation at rated KVA, 24 hours a day, 

365 days a year, with normal life expectancy as defined in IEEE 65 and ANSI C57.96.  This 
performance shall be obtainable without exceeding 150 degrees Celsius average 
temperature rise by resistance or 180 degrees Celsius hot spot temperature rise in a 
40 degrees Celsius maximum ambient and 30 degrees Celsius average ambient.  The 
maximum coil hot spot temperature shall not exceed 220 degrees Celsius.  All insulating 
materials shall be flame retardant and shall not support combustion as defined in ASTM 
Standard Test Method D 635.  All insulating materials shall be in accordance with NEMA 
ST 20 Standard for a 220 degrees Celsius UL component recognized insulation system. 

 
F. Transformer coils shall be of the continuous wound copper construction in wet process 

outdoor areas and aluminum in dry process and non-process areas.  Transformers shall be 
impregnated with nonhygroscopic, thermosetting varnish.   

 
G. All cores are to be constructed of high grade, nonaging, grain-oriented silicon steel with high 

magnetic permeability and low hysteresis and eddy current loses.  Magnetic flux densities 
are to be kept well below the saturation point.  The core laminations shall be tightly clamped 
and compressed with structural steel angles.  The completed core and coil shall then be 
bolted to the base by means of vibration-absorbing mounts to minimize sound transmission. 
There shall be no metal-to-metal contact between the core and coil assembly and the 
enclosure. 

 
H. All transformers shall be equipped with a wiring compartment suitable for conduit entry and 

large enough to allow convenient wiring.  The maximum temperature of the enclosure shall 
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not exceed 90 degrees Celsius.  Transformers shall be furnished with lugs of the size and 
quantity required and suitable for termination of the field wiring. 

 
I. The core of the transformer shall be visibly grounded to the enclosure by means of a flexible 

grounding conductor sized in accordance with applicable NEMA, IEEE, and ANSI standards. 
 

J. Transformers shall have core and coil assemblies mounted on rubber isolation pads to 
minimize the sound levels.  Transformers shall not exceed the sound levels listed in NEMA 
ST-20. 

 
K. Transformers shall be furnished with the following enclosure type and material of 

construction, dependent upon the designation of the area in which they are to be installed.  
Area designations are indicated on the Drawings. 
 

AREA DESIGNATION ENCLOSURE TYPE AND MATERIAL 

Indoor Wet Process Area NEMA 3R, Painted Steel 

Indoor Dry Process Area NEMA 2, Painted Steel 

Indoor Dry Non-process Area NEMA 2, Painted Steel 

All Outdoor Areas NEMA 3R, Painted Steel 

 
L. The enclosure shall be made of heavy gauge steel and shall be degreased, cleaned, 

primed, and finished with a baked weather-resistant enamel using the manufacturer’s 
standard painting process.  Color shall be ANSI 61.   

 
2.03 ISOLATION TRANSFORMERS 

 
A. Furnish and install three-phase (drive) isolation-type, dry, enclosed, epoxy encapsulated 

transformers of the voltage and KVA ratings as specified herein and indicated on the 
Drawings.  The transformers shall be 60 Hz, self-cooled, quiet-design insulated of the two 
winding type.  The transformers shall be designed for use with AC/DC Drive applications and 
labeled as such. 

B. The transformers shall be Underwriters Laboratories, Inc. listed and shall bear the UL label. 

C. Transformer coils shall be of the continuous wound copper construction and shall be 
impregnated with non-hygroscopic, thermosetting varnish. 

D. Primary Winding Taps: 

1. 7.5 - 20 KVA:   
a. 1-5% above normal full capacity. 
b. 1-5% below normal full capacity. 

2. 27 - 750 KVA:   
a. 2 - 2.5% above normal full capacity. 
b. 2 - 2.5% below normal full capacity. 

3. All taps shall be full capacity rated. 

E. Transformers shall be designed for continuous operation at rated KVA, 24 hours a day, 
365 days a year, with normal life expectancy as defined in IEEE 65 and ANSI C57.96.  This 
performance shall be obtainable without exceeding 150 degrees Celsius average 
temperature rise by resistance or 180 degrees Celsius hot spot temperature rise in a 
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40 degrees Celsius maximum ambient and 30 degrees Celsius average ambient.  The 
maximum coil hot spot temperature shall not exceed 220 degrees Celsius.  All insulating 
materials shall be flame retardant and shall not support combustion as defined in ASTM 
Standard Test Method D 635.  All insulating materials shall be in accordance with NEMA 
ST 20 Standard for a 220 degrees Celsius UL component recognized insulation system. 

F. Transformers shall be furnished with the following enclosure type and material of 
construction, dependent upon the designation of the area in which they are to be installed.  
Area designations are indicated on the Drawings. 

AREA DESIGNATION ENCLOSURE TYPE AND MATERIAL 

Indoor Wet Process Area NEMA 3R, Painted Steel 

Indoor Dry Process Area NEMA 2, Painted Steel 

Indoor Dry Non-process Area NEMA 2, Painted Steel 

All Outdoor Areas NEMA 3R, Painted Steel 

 

G. The enclosure shall be made of heavy gauge steel and shall be degreased, cleaned, 
primed, and finished with a baked weather-resistant enamel using the manufacturer’s 
standard painting process.  Color shall be ANSI 61.   

H. Transformers shall incorporate an electrostatic shield for the attenuation of voltage spikes, 
line noise, and transients.   

I. Transformers shall operate at audible sound levels below NEMA standard ST-20. 

 
 
PART 3 -- EXECUTION 
 
3.01 INSTALLATION 
 

A. The transformers shall be furnished and installed as shown on the Drawings and as 
recommended by the equipment manufacturer. 

 
B. Conduit routed to and from the transformer shall be arranged for easy removal of the 

transformer access covers. 
 
C. Where transformers 50 kVA and smaller are shown to be wall mounted, a transformer 

manufacturer supplied wall mounting kit shall be used.  The lowest point of the wall 
mounting bracket shall be no lower than 5’-0” above the finished floor.  Field fabricated 
mounting hardware is not acceptable unless reviewed and approved in writing by the 
Engineer. 

 
D. Prior to final completion of the work, all metal surfaces of the equipment shall be cleaned 

thoroughly, and all scratches and abrasions shall be retouched with the same lacquer as 
used for shop finishing coats. 

 
3.02 TESTING 
 

A. All tests shall be performed in accordance with the requirements of the General Conditions 
and Division 1.  The following tests are required: 
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1. Certified Shop Tests 

 
a. The transformers shall be given routine factory tests in accordance with the 

requirements of the ANSI and NEMA standards.  Temperature rises may be 
certified from basic design. 

 
b. As a minimum, the following tests shall be made on all transformers: 

 
i. Ratio tests on the rated voltage connection and on all tap 

connections. 
 

ii. Polarity and phase-relation tests on the rated voltage connection. 
 

iii. Applied potential tests. 
 

iv. Induced potential tests. 
 

v. No-load and excitation current at rated voltage on the rated voltage 
connection. 

 
2. Field Tests 

 
a. Field testing shall be done in accordance with the requirements specified in 

the General Conditions, Division 1, and NETA Acceptance Testing 
Specifications, latest edition. 

 
b. Insulation between windings shall be tested by 1000 VDC Megaohmeter for 

one (1) minute.  Resistance value shall be no less than 100 Megaohms. 
 
 
 

- END OF SECTION - 
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SECTION 16470 
 

PANELBOARDS 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish and install panelboards of voltage and current ratings as 
specified herein and indicated on the Drawings.  Panelboards shall be furnished with 
circuit breaker ratings, number of breakers, number of poles and locations conforming to 
the panelboard schedules on the Drawings. 

 
B. Reference Section 16000, Basic Electrical Requirements; Section 16195, Electrical 

Identification; and Section 16280, Surge Protective Devices 
 
1.02 CODES AND STANDARDS 
 

A. Panelboards shall be designed, manufactured, and/or listed to the following standards as 
applicable: 

 
1. Underwriters Laboratories 
 

a. UL 50 – Enclosures for Electrical Equipment, Non-environmental 
Considerations 

 
b. UL 67 – Standard for Panelboards 

 
c. UL 489 - Molded Case Circuit Breakers, Molded Case Switches, and Circuit 

Breaker Enclosures 
 
d. UL 943 – Ground Fault Circuit Interrupters 
 
e. UL 1449 – Standard for Surge Protective Devices 

 
2. NEMA PB1 - Panelboards 
 
3. National Electrical Design/Builders Association (NECA) Standard 407 – Standard 

for Installing and Maintaining Panelboards 
 
1.03 SUBMITTALS 
 

A. In accordance with the procedures and requirements set forth in the General Conditions 
and Section 01 33 00 – Submittal Procedures, the Design/Builder shall obtain from the 
equipment manufacturer and submit the following: 

 
1. Shop Drawings. 

 
2. Spare Parts List. 
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3. Operation and Maintenance Manuals. 
 
4. Reports of Field Tests. 

 
B. Each submittal shall be identified by the applicable specification section. 

 
1.04 SHOP DRAWINGS 
 

A. Each submittal shall be complete in all respects, incorporating all information and data 
listed herein and all additional information required for evaluation of the proposed 
equipment's compliance with the Contract Documents. 

 
B. Partial, incomplete, or illegible submittals will be returned to the Design/Builder without 

review for resubmittal. 
 

C. Shop drawings shall include but not be limited to: 
 

1. Product data sheets. 
 

2. Complete assembly, layout, and installation drawings with clearly marked 
dimensions for each panelboard. 

 
3. Complete panelboard schedules indicating circuit designations as shown on the 

Drawings for each panelboard. 
 

D. The submittal information shall reflect the specific equipment identification number as 
indicated on the Drawings (e.g., LP-SRC-1, PP-SRC-2, etc.). 

 
1.05 OPERATIONS AND MAINTENANCE MANUALS 
 

A. The Design/Builder shall submit operation and maintenance manuals in accordance with 
the procedures and requirements set forth in the General Conditions and Division 1.  The 
manuals shall include: 

 
1. Instruction books and/or leaflets. 
 
2. Recommended spare parts list. 
 
3. Final as-built construction drawings included in the shop drawings incorporating all 

changes made in the manufacturing process and during field installation. 
 
1.06 SPARE PARTS 
 

A. For each panelboard, the Design/Builder shall furnish to the Owner all spare parts as 
recommended by the equipment manufacturer.  All spaces in the panelboards shall be 
furnished with a spare breaker as indicated in the panelboard schedules shown on the 
Drawings. 

 
B. Spare parts lists, included with the shop drawing submittal, shall indicate specific sizes, 

quantities, and part numbers of the items to be furnished.  Terms such as "1 lot of packing 
material" are not acceptable. 
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C. Parts shall be completely identified with a numerical system to facilitate parts inventory 
control and stocking.  Each part shall be properly identified by a separate number.  Those 
parts which are identical for more than one size shall have the same parts number. 

 
1.07 IDENTIFICATION 
 

A. Each panelboard shall be identified with the identification name/number indicated on the 
Drawings. A nameplate shall be securely affixed in a conspicuous place on each 
panelboard.  Nameplates shall be as specified in Section 16195, Electrical - Identification. 

 
 
PART 2 -- PRODUCTS 
 
2.01 MANUFACTURERS 
 

A. The Equipment shall be designed, constructed and installed in accordance with the best 
practices of the trade, and shall operate satisfactorily when installed as shown on the 
Drawings.   

 
2.02 CONDUCTORS (MAIN BUS AND BRANCH CONNECTORS) 
 

A. All main bus shall be copper sized in accordance with UL standards to limit the 
temperature rise on any current carrying part to a maximum of 50 degrees C above a 
maximum ambient temperature of 40 degrees C. 

 
2.03 LIGHTING PANELBOARDS 
 

A. General 
 

1. Lighting panelboards shall be dead-front type with automatic trip-free, non-
adjustable, thermal-overload, branch circuit breakers.  Panelboards shall be of the 
configuration and rating as specified herein and indicated on the Drawings.  
Panelboards shall be UL 67 Listed and shall be constructed to NEMA PB1 
standards.   

 
2. Lighting panelboards shall be equipped with a main breaker or main lugs complete 

with branch circuit breakers, as indicated on the Drawings.  The panelboards shall 
be suitable surface mounting.   

 
3. Lighting panelboards shall be fully rated and shall have a minimum short circuit 

rating of 22,000 amperes symmetrical, unless otherwise indicated on the 
Drawings.   

 
4. Lighting panelboards shall be Eaton Pow-R-Line Series, the Square D Company 

equivalent, or the General Electric Company equivalent. 
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B. Enclosures 
 

1. Enclosures shall have a NEMA rating as indicated on the Drawings, shall be UL 
50 Listed, and shall be constructed of No. 12 U.S.S. code gauge galvanized steel. 
The door shall be fastened to the enclosure with concealed hinges and shall be 
equipped with flush-type catches and locks.  The Design/Builder shall equip 
cabinet doors exceeding 40 inches in height with vertical bolt three point locking 
mechanism.  All locks shall be keyed alike.  The panelboard trim shall have a 
removable hinge assembly, in addition to the door hinge, that allows work inside 
the enclosure without the need to remove the trim.  The enclosure shall have wiring 
gutters on sides and shall be at least 5-3/4 inches deep. The panelboard shall be 
provided with an information label.  The information label shall include the 
panelboard designation, voltage, phase, wires, and bus rating. 

 
2. All metal surfaces of the panelboard enclosures shall be thoroughly cleaned and 

given one prime of zinc chromate primer.  All interior surfaces shall then be given 
one shop finishing coat of a lacquer of the nitro-cellulose enamel variety.  All 
exterior surfaces shall be given three coats of the same lacquer.  The color of 
finishing coats shall be light gray ANSI #61. 

 
3. An Underwriter's Laboratories, Inc. inspection label shall appear on the interior of 

the cabinet. 
 

C. Bus Work 
 

1. Main bus bars shall be of ample size so that a current density of not more than 
1000 amperes per square inch of cross section will be attained.  This current 
density shall be based on the application of the full load connected to the panel 
plus approximately 25% of the full load for spare capacity.  The main bus shall be 
full capacity as based on the preceding for the entire length of the panel so as to 
provide full flexibility of circuit arrangement. 

 
2. Solid neutral bus bars are required and neutral bus ampacity shall be the same as 

the main bus bars unless otherwise noted.  Ratings shall be in accordance with 
applicable standards. 

 
3. A separate ground bus shall be provided with lugs for termination of equipment 

grounding conductors. 
 

4. Branch bus work shall be rated to match the maximum branch circuit breaker which 
may be installed in the standard space. 

 
5. All bus shall be tin plated copper and shall extend the entire useable length of the 

panelboard, including spaces. 
 

D. Circuit Breakers 
 

1. Circuit breakers shall be bolt-on, molded-case type and UL 489 Listed.  All circuit 
breakers shall have quick-make, quick-break, toggle mechanism for manual as 
well as automatic operation.  Tandem or half-size circuit breakers are not 
acceptable 
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2. Where indicated on the Drawings, or where required by Code, circuit breakers shall 
be equipped with integrally mounted ground fault interrupters complete with 
"TEST" push button and shall be of a type which fit standard panelboard spaces 
for the breaker continuous current rating required.  Ground fault circuit interrupter 
style circuit breakers shall be UL 943 Listed.  Circuit breakers used for lighting 
circuit switching shall be approved for the purpose and shall be marked "SWD".  
Where required by Article 440 of the NEC, circuit breakers installed for air 
conditioning units shall be HACR type. 

 
3. Circuit breaker voltage ratings shall meet or exceed the panelboard voltage 

indicated on the Drawings.  Trip elements of circuit breakers shall be 20A unless 
otherwise indicated on the Drawings.  Circuit breakers shall have an interrupting 
rating at 240 VAC that matches the panelboard short circuit rating.   

 
4. Where indicated on the Drawings, branch circuit breakers shall be provided with a 

padlockable hasp or handle padlock attachment for padlocking in the off position 
as required to meet the NEC requirement for disconnecting means and/or OSHA 
lock-out/tagout standard.  Locking hardware shall remain in place even when the 
packlock is removed.  Branch circuit breakers shall be provided with a similar 
lock-on device where indicated on the Drawings. 

 
E. Directories 

 
1. Approved directories with noncombustible plastic cover, and with typewritten 

designations of each branch circuit, shall be furnished and installed in each 
panelboard.  The Design/Builder shall maintain in each panel, during the duration 
of the Contract, a handwritten directory clearly indicating the circuit breakers in 
service.  This directory shall be updated as work progresses, and final, typewritten 
directories, as specified above, shall be installed at the end of the project.  
Designations and circuit locations shall conform to the panelboard schedules on 
the Drawings, except as otherwise authorized by the Engineer. 

 

2.04 POWER DISTRIBUTION PANELBOARDS 
 

A. General 
 

1. Power distribution panelboards shall be of the configuration and rating as specified 
herein and as indicated on the Drawings.  The panelboards shall be dead-front 
type with automatic trip-free, non-adjustable, thermal overload branch circuit 
breakers.  Panelboards shall be UL 67 Listed and shall be constructed to NEMA 
PB1 standards.  Panelboards shall be service entrance rated where indicated on 
the Drawings. 

 

2. Power panelboards shall be equipped with a main breaker or main lugs complete 
with branch circuit breakers as indicated on the Drawings.  The panelboards shall 
be suitable for flush or surface mounting.   

 
3. Power distribution panelboards shall be fully rated and shall have a minimum short 

circuit rating of 65,000 amperes symmetrical unless otherwise indicated on the 
Drawings. 

 
4. Power distribution panelboards shall be Eaton Pow-R-Line Series, the Square D 

Company equivalent, or the General Electric Company equivalent. 
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B. Enclosures 
 

1. Enclosures shall have a NEMA rating as indicated on the Drawings, shall be UL 
50 Listed, and shall be constructed of No. 12 U.S.S. code gauge galvanized steel. 
The door shall be fastened to the enclosure with concealed hinges and shall be 
equipped with flush-type catches and locks.  The Design/Builder shall equip 
cabinet doors exceeding 40 inches in height with vertical bolt three point locking 
mechanism.  All locks shall be keyed alike.  The panelboard trim shall have a 
removable hinge assembly, in addition to the door hinge, that allows work inside 
the enclosure without the need to remove the trim.  The enclosure shall have wiring 
gutters on sides and shall be at least 5-3/4 inches deep. The panel shall be 
provided with an information label.  The information label shall include the 
panelboard designation, voltage, phase, wires, and bus rating. 

 
2. All metal surfaces of the panelboard enclosures shall be thoroughly cleaned and 

given one prime of zinc chromate primer.  All interior surfaces shall then be given 
one shop finishing coat of a lacquer of the nitro-cellulose enamel variety.  All 
exterior surfaces shall be given three coats of the same lacquer.  The color of 
finishing coats shall be light gray ANSI #61. 

 
3. An Underwriter's Laboratories, Inc. inspection label shall appear on the interior of 

the cabinet. 
 

C. Bus Work 
 

1. Main bus bars shall be of ample size so that a current density of not more than 
1,000 amperes per square inch of cross section will be attained.  This current 
density shall be based on the application of the full load connected to the panel 
plus approximately 25% of the full load for spare capacity.  The main bus shall be 
full capacity as based on the preceding for the entire length of the panel so as to 
provide full flexibility of circuit arrangement. 

 
2. Solid neutral bus bars, where required, shall be provided.  Neutral bus shall have 

the same ampacity as the main bus, unless otherwise indicated.  Ratings shall be 
in accordance with applicable standards. 

 
3. A separate ground bus shall be provided with lugs for termination of equipment 

grounding conductors. 
 

4. Branch bus work shall be rated to match the maximum branch circuit breaker which 
may be installed in the standard space. 

 
5. All bus shall be tin plated copper and shall extend the entire useable length of the 

panelboard, including spaces.  Panelboards Listed and Labeled as a four-wire 
panel shall not be used in place of a three-wire panel where a neutral conductor 
does not exist in the supply conductors to that panel. 
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D. Circuit Breakers 
 

1. Circuit breakers shall be bolt-on, molded-case type and UL 489 Listed.  All circuit 
breakers shall have quick-make, quick-break, toggle mechanism for manual as 
well as automatic operation.  

 
2. Circuit breakers used for lighting circuit switching shall be approved for the purpose 

and shall be marked “SWD” where required by Article 440 by the NEC.  Circuit 
breakers installed for air conditioning units shall be HACR type. 

 
3. Circuit breaker voltage rating shall meet or exceed the panelboard voltage 

indicated on the Drawings.  Trip elements of circuit breakers shall be 20A, unless 
otherwise indicated on the Drawings.  Circuit breakers shall have an interrupting 
rating at 480 VAC that matches the panelboard short circuit rating.   

 
4. Where indicated on the Drawings, branch circuit breakers shall be provided with a 

padlockable hasp or handle padlock attachment for padlocking in the off position 
as required to meet the NEC requirement for disconnecting means and/or OSHA 
lock-out/tagout standard.  Locking hardware shall remain in place even when the 
packlock is removed.  Branch circuit breakers shall be provided with a similar 
lock-on device where indicated on the Drawings. 

 
E. Directories 

 
1. Approved directories with noncombustible plastic cover, and with typewritten 

designations of each branch circuit, shall be provided in each panel.  The 
Design/Builder shall maintain in each panel, during the duration of the Contract, a 
handwritten directory clearly indicating the circuit breakers in service.  This 
directory shall be updated as work progresses, and final, typewritten directories, 
as specified above, shall be installed at the end of the project.  Designations and 
circuit locations shall conform to the panelboard schedules on the Drawings, 
except as otherwise authorized by the Engineer. 

 
2.05 COMBINATION POWER UNITS 
 

A. Combination power units shall be installed as specified herein and indicated on the 
Drawings.  The unit shall be a combination of a dry type transformer and a lighting 
panelboard.  Transformer rating and panelboard bus rating shall be as indicated on the 
Drawings.  The transformer and panelboard shall meet the requirements for these 
products as specified herein and elsewhere in these Specifications.  Combination power 
units located in wet process areas shall be provided in a NEMA 3R enclosure unless 
otherwise indicated. 

 
B. Combination power units shall have all copper windings and terminations, and an 80°C 

temperature rise. 
 
C. The combination power unit shall be a Mini-Power Zone as manufactured by the Square 

D Company, a Mini-Power Center as manufactured by Eaton, or Servicecenter as 
manufactured by General Electric Company equivalent. 
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2.07 SURGE PROTECTIVE DEVICES 
 
A. The lighting panelboards shall be furnished with factory installed integrated Type II surge 

protective devices (SPD).  SPDs shall be provided in the location and quantity as shown 
on the Drawings. 

 
B. Surge protective devices for combination power units shall be provided in a separate 

enclosure external to the panelboard enclosure.  See Section 16280 – Surge Protective 
Devices for combination power units SPD requirements. 

 
 
PART 3 -- EXECUTION 
 
3.01 INSTALLATION  
 

A. Panelboards and combination power units shall be furnished and installed as shown on 
the Drawings and as recommended by the equipment manufacturer, and as required by 
NECA 407. 

 
B. Panelboards shall be set true and plumb in locations as shown on the Drawings.  The top 

of panelboard enclosure shall not exceed six (6) feet above finished floor elevation. 
 
C. Enclosures shall not be fastened to concrete or masonry surfaces with wooden plugs.  

Appropriate cadmium plated or galvanized steel bolts shall be used with expansion shields 
or other metallic type concrete insert for mounting on concrete or solid masonry walls.  
Cadmium plated or galvanized steel toggle bolts shall be used for mounting on concrete 
block or other hollow masonry walls.  Bolt diameter shall be as required considering the 
size and weight of the completed panelboard and enclosure to provide adequate structural 
support. 

 
D. The Design/Builder shall not use factory furnished knockouts with surface mounted back 

boxes. The Design/Builder shall punch or drill required openings during installation and 
shall equip flush mounted back boxes with manufacturer's standard pattern of knockouts.   

 
E. The Design/Builder shall install cabinets (and other enclosure products) in plumb with the 

building construction.  Flush mounted enclosures shall be installed so that the trim will rest 
against the surrounding surface material and around the entire perimeter of the enclosure. 

 
F. Bus loads in all panelboards shall be balanced between phases to within a tolerance of 

one (1) KVA.  Convenience receptacles shall be distributed evenly among all phase buses 
as much as practical. 

 
G. Prior to final completion of the work, all metal surfaces of the equipment shall be cleaned 

thoroughly, and all scratches and abrasions shall be retouched with the same lacquer as 
used for shop finishing coats. 

 
3.02 TESTING 
 

A. All tests shall be performed in accordance with the requirements of the General Conditions 
and Division 1.  The following tests are required: 

 
1. Field Tests 
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a. Prior to termination of any conductors to the circuit breakers, all bus work 

and circuit breakers shall be tested from phase to phase and phase to 
ground with a 1000 VDC megaohmeter for 1 minute in accordance with 
NECA 407.  Resistance values shall be recorded and shall not be less than 
100 megohms.   

 
 
 

b. Prior to terminating any wires to the circuit breakers, the resistance of the 
connection between the bus work and each circuit breaker shall be tested 
through the use of a low-resistance ohmmeter.  Record the resistance 
values for each circuit breaker. 

 
 
 

- END OF SECTION - 



 

 

[THIS PAGE INTENTIONALLY LEFT BLANK] 



 
Sustainable Water Phase 3 –  Enclosed Circuit Breakers – REV 0  
Demonstration Facility 16476-1 IFC June 2017 

SECTION 16476 
 

ENCLOSED CIRCUIT BREAKERS 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish and install enclosed circuit breakers of voltage and current 
ratings as specified herein and indicated on the Drawings.   

 
B. This specification is intended to apply to circuit breakers separately-mounted from other 

equipment in an individual enclosure.  This Section does not apply to circuit breakers as part 
of an equipment assembly such as motor control centers, panelboards, switchboards, etc. 

 
C. Reference Section 16000, Basic Electrical Requirements. 

 
1.02 CODES AND STANDARDS 
 

A. Enclosed circuit breakers shall comply with the following codes and standards: 
 

1. UL 489 - Molded Case Circuit Breakers, Molded Case Switches, and Circuit Breaker 
Enclosures 

 
2. NEMA 250 – Enclosures for Electrical Equipment 

 
3. National Electrical Code 

 
1.03 SUBMITTALS 
 

A. In accordance with the procedures and requirements set forth in the General Conditions and 
Section 01 33 00 – Submittal Procedures, the Design/Builder shall obtain from the 
equipment manufacturer and submit the following: 

 
1. Shop Drawings. 

 
2. Spare Parts List. 

 
3. Operation and Maintenance Manuals. 

 
B. Each submittal shall be identified by the applicable specification section. 

 
1.04 SHOP DRAWINGS 
 

A. Each submittal shall be complete in all respects, incorporating all information and data listed 
herein and all additional information required for evaluation of the proposed equipment's 
compliance with the Contract Documents. 

 
B. Partial, incomplete, or illegible submittals will be returned to the Design/Builder without 

review for resubmittal. 
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C. Shop drawings shall include but not be limited to: 

 
1. Product data sheets. 

 
2. Complete assembly, layout, and installation drawings with clearly marked 

dimensions for each enclosed circuit breaker. 
 
1.05 SPARE PARTS 
 

A. For each enclosed circuit breaker, the Design/Builder shall furnish to the Owner all spare 
parts as recommended by the equipment manufacturer. 

 
1.06 IDENTIFICATION 
 

A. Each enclosed circuit breaker shall be identified with the identification name and/or number 
indicated on the Drawings. A nameplate shall be securely affixed in a conspicuous place on 
the front of each enclosed circuit breaker.  Nameplates shall be as specified in Section 
16195, Electrical - Identification. 

 
 
PART 2 -- PRODUCTS 
 
2.01 MANUFACTURERS 
 

A. The Equipment shall be designed, constructed and installed in accordance with the best 
practices of the trade, and shall operate satisfactorily when installed as shown on the 
Drawings.   

 
B. Enclosed circuit breakers shall be manufactured by Eaton, the General Electric Company, 

the Square D Company, or Siemens Energy and Automation, Inc. 
 
2.02 ENCLOSED CIRCUIT BREAKERS 
 

A. Circuit breakers shall be molded case type with trip and frame ratings as indicated on the 
Drawings.  Provide electronic trip unit where indicated on the Drawings, with adjustable 
functions as indicated on the Drawings.   
 

B. Circuit breakers shall have an interrupting rating of 65,000 amperes symmetrical at 
480 VAC, unless otherwise indicated on the Drawings. 
 

C. Enclosed circuit breakers shall be UL 489 Listed.   
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D. Enclosed circuit breakers shall be furnished with the following enclosure type and material of 

construction, dependent upon the designation of the area in which they are to be installed.  
Area designations are indicated on the Drawings. 
 

AREA DESIGNATION ENCLOSURE TYPE AND MATERIAL 

Indoor Wet Process Area NEMA 4X, Type 304 Stainless Steel 

Indoor Dry Process Area NEMA 12, Painted Steel 

Indoor Dry Non-process Area NEMA 1, Painted Steel 

Indoor Type 1 Chemical Storage/Transfer 
Area 

NEMA 4X, Fiberglass 

Indoor Type 2 Chemical Storage/Transfer 
Area 

NEMA 4X, Type 304 Stainless Steel 

All Outdoor Areas NEMA 4X, Type 304 Stainless Steel 

 
E. Enclosed circuit breakers shall be quick-make, quick-break and with an interlocked cover 

which cannot be opened when the breaker is in the “ON” position and capable of being 
locked in the “OPEN” position. 

 
F. An Underwriter's Laboratories, Inc. inspection label shall appear on the interior of the 

enclosure. 
 

G. Enclosed circuit breakers shall be suitable for use as service entrance equipment where 
indicated on the Drawings and so labeled to suit the application.  
 

H. Where indicated on the Drawings, enclosed circuit breakers shall be 100% rated. 
 
 
PART 3 -- EXECUTION 
 
3.01 INSTALLATION 
 

A. The enclosed circuit breaker shall be furnished and installed as shown on the Drawings and 
as recommended by the equipment manufacturer. 

 
B. Enclosed circuit breakers shall be set true and plumb in locations as shown on the 

Drawings. The top of enclosure shall not exceed six (6) feet above finished floor elevation. 
 
C. Enclosed circuit breakers shall be provided in the enclosure type and material of 

construction required for the area in which it is installed.  Reference the requirements in Part 
2 herein, and the area designations indicated on the Drawings. 

 
3.02 TESTING 
 

A. All tests shall be performed in accordance with the requirements of the General Conditions 
and Division 1.  The following tests are required: 

 
1. Witnessed Shop Tests 

 
a. None required 
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2. Field Tests 
 

a. Field testing shall be done in accordance with the requirements specified in 
the General Conditions, Division 1, and NETA Acceptance Testing 
Specifications, latest edition. 

 
 
 

- END OF SECTION - 
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SECTION 16481 
 

INDIVIDUAL MOTOR CONTROLLERS 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Contractor shall furnish and install separately mounted, individual motor controllers 
for 120 volt single phase, and 208 and 480 volt three phase motors as specified herein 
and indicated on the Drawings.  Individual motor controllers specified in this Section 
include magnetic motor starters and manual motor starters. 

 
B. Reference Section 16000, Basic Electrical Requirements; Section 16123, Low Voltage 

Cable; Section 16195, Electrical Identification; and Section 16902, Electric Controls and 
Relays. 

 
1.02 CODES AND STANDARDS 
 

A. Individual motor controllers shall be designed, manufactured, and/or listed to the following 
standards as applicable: 

 
1. UL 508 – Standard for Industrial Control Panels 
 
2. NEMA 250 – Enclosures for Electrical Equipment 

 
1.03 SUBMITTALS 
 

A. In accordance with the procedures and requirements set forth in the General Conditions 
and Section 01 33 00 – Submittal Procedures, the Contractor shall obtain from the 
equipment manufacturer and submit the following: 

 
1. Shop Drawings. 

 
2. Spare Parts. 
 
3. Reports of Certified Shop and Field Tests. 
 
4. Operation and Maintenance Manuals. 
   
 

B. Each submittal shall be identified by the applicable specification section. 
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1.04 SHOP DRAWINGS 
 

A. Each submittal shall be complete in all respects, incorporating all information and data 
listed herein and all additional information required for evaluation of the proposed 
equipment's compliance with the Contract Documents. 

 
B. Shop drawings shall include but not be limited to: 

 
1. A Compliance, Deviations, and Exceptions (CD&E) letter. If the shop drawings are 

submitted without this CD&E letter, the submittal will be rejected.  The letter shall 
include all comments, deviations and exceptions taken to the Drawings and 
Specifications by the Contractor AND Equipment Manufacturer/Supplier.  This 
letter shall include a copy of this specification section. In the left margin beside 
each and every paragraph/item, a letter "C", "D", or "E" shall be typed or written in. 
The letter "C" shall be for full compliance with the requirement. The letter "D" shall 
be for a deviation from the requirement. The letter "E" shall be for taking exception 
to a requirement. Any requirements with the letter "D" or "E" beside them shall be 
provided with a full typewritten explanation of the deviation/exception. Handwritten 
explanation of the deviations/exceptions is not acceptable. The CD&E letter shall 
also address deviations, and exceptions taken to each Drawing related to this 
Specification Section. 

 
2. Product data sheets. 

 
3. Complete layout and installation drawings with clearly marked dimensions for each 

type/size/rating of individual motor controller.   
 

4. Custom wiring diagrams for each individual motor controller.  Standard wiring 
diagrams that are not custom created by the manufacturer for the individual motor 
controllers for this project are not acceptable.  One wiring diagram which is typical 
for an equipment group is not acceptable.  Each wiring diagram shall include wire 
identification and terminal numbers.  Indicate all devices, regardless of their 
physical location, on the diagrams. Identify on each respective wiring diagram 
specific equipment names and equipment numbers consistent with those indicated 
on the Drawings. 

 
5. Bill of material list for each individual motor controller. 
 
6. Nameplate schedule for each individual motor controller. 
 
7. Manufacturer’s installation instructions. 
 
8. Time-current curves for each type and size protective device if requested by the 

Engineer. 
 

C. The shop drawing information shall be complete and organized in such a way that the 
Engineer can determine if the requirements of these Specifications are being met.  Copies 
of technical bulletins, technical data sheets from "soft-cover" catalogs, and similar 
information which is "highlighted" or somehow identifies the specific equipment items that 
the Contractor intends to provide are acceptable and shall be submitted. 
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D. Prior to completion and final acceptance of the project, the Contractor shall furnish and 

install "as-built" wiring diagrams for individual motor controller.  These final drawings shall 
be plastic laminated and securely placed inside each individual motor controller unit door 
and included in the O&M manuals.   

 
1.05 OPERATION AND MAINTENANCE MANUALS 
 

A. The Contractor shall submit operation and maintenance manuals in accordance with the 
procedures and requirements set forth in the General Conditions and Division 1.   

 
1.06 SPARE PARTS 
 

A. All spare parts as recommended by the equipment manufacturer shall be furnished to the 
Owner by the Contractor. 

 
B. The Contractor shall furnish the following additional spare parts: 

 
1. One (1) solid state overload relay for each type, size, and rating used. 

 
2. One (1) motor circuit protector & motor contactor for each type, size, and rating 

used. 
 

3. One (1) spare control power transformer for each type and size used. 
 

4. Two (2) spare fuses for each size and type used. 
 

C. The spare parts shall be packed in containers suitable for long term storage, bearing labels 
clearly designating the contents and the pieces of equipment for which they are intended. 

 
D. Spare parts shall be delivered at the same time as the equipment to which they pertain.  

The Contractor shall properly store and safeguard such spare parts until completion of the 
work, at which time they shall be delivered to the Owner. 

 
E. Spare parts lists, included with the shop drawing submittal, shall indicate specific sizes, 

quantities, and part numbers of the items to be furnished.  Terms such as "1 lot of packing 
material" are not acceptable. 

 
F. Parts shall be completely identified with a numerical system to facilitate parts inventory 

control and stocking.  Each part shall be properly identified by a separate number.  Those 
parts which are identical for more than one size, shall have the same parts number. 

 
1.07 IDENTIFICATION 
 

A. Each equipment item shall be identified with a nameplate.  The nameplate shall be 
engraved with the equipment name and/or number with which it is associated.  Equipment 
identification shall be in accordance with Section 16195, Electrical - Identification. 

 
 
PART 2 -- PRODUCTS 
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2.01 MANUFACTURERS 
 

A. The equipment covered by this Specification is intended to be standard equipment of 
proven performance as manufactured by reputable concerns.  Equipment shall be 
designed, constructed and installed in accordance with the best practices of the trade, and 
shall operate satisfactorily when installed as shown on the Drawings. 

 
2.02 INDIVIDUAL MAGNETIC MOTOR STARTERS 
 

A. Individual magnetic motor starters shall be combination type complete with motor circuit 
protectors (MCP's).  Starters shall be rated 480 VAC, 3-pole, sized for the intended load 
unless otherwise indicated.  In no case shall a starter smaller than a NEMA Size 1 be 
used. Each starter shall be furnished with a minimum of two spare auxiliary contacts. 

 
B. In non-hazardous locations, motor starters shall be furnished with the following enclosure 

type and material of construction, dependent upon the designation of the area in which 
they are to be installed.  Area designations are indicated on the Drawings. 

 

AREA DESIGNATION ENCLOSURE TYPE AND MATERIAL 

Indoor Wet Process Area NEMA 4X, Type 304 Stainless Steel 

Indoor Dry Process Area NEMA 12, Painted Steel 

Indoor Dry Non-process Area NEMA 1, Painted Steel 

Indoor Type 1 Chemical Storage/Transfer 
Area 

NEMA 4X, Fiberglass 

Indoor Type 2 Chemical Storage/Transfer 
Area 

NEMA 4X, Type 304 Stainless Steel 

All Outdoor Areas NEMA 4X, Type 304 Stainless Steel 

 
C. Starters shall be provided with all coils and controls for 120 VAC operation, unless 

otherwise indicated on the Drawings. 
 

D. The minimum control power transformer VA requirements are as shown below.  Control 
power transformers shall be sized as required for the connected loads, plus 25% spare 
capacity. 

 
Size 1 150 VA 
Size 2 150 VA 
Size 3 200 VA 
Size 4 300 VA 
Size 5 500 VA 

 
The motor controller manufacturer is advised to review the total Contract Documents for 
additional requirements for space heaters, power factor correction capacitors, and similar 
equipment which may not be specified in this Division or shown on the Drawings. Control 
power transformers shall be fused on both the primary and secondary sides. 
 

E. Each starter shall be supplied with a manual reset overload relay.  Manual reset shall be 
accomplished by a door mounted overload reset pushbutton.  The relays shall be solid 
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state type, with at least one isolated normally open and one isolated normally closed 
auxiliary contact that operates when a trip condition has occurred.  Relays shall be self-
powered, have a visible trip indicator, have a trip test function, and have selectable Class 
10 or 20 operation.  Overload relays shall be set for Class 10 operation unless otherwise 
directed by the Engineer.  Overload relay shall have phase loss protection built in to trip 
the unit and protect the motor against single phasing.  The Contractor shall provide the 
overload relay model with the correct current range for each application.  Overload relay 
shall have adjustable current range dial.  Eutectic alloy and bi-metallic type overload relays 
are not acceptable.   

 
F. Control Devices 
 

1, Furnish and install control devices as required and/or shown on the Drawings.  The 
following control devices shall be provided as specified in Section 16902, Electric 
Controls and Relays: 

 
a. Pilot devices (switches, indicating lights, etc) 
 
b. Relays and timers 
 
c. Control Terminal blocks 

 
G. All control wiring shall be No. 14 AWG (minimum) labeled at each end in accordance with 

the wiring numbers shown on the accepted shop drawings.  Power wiring shall be sized 
to suit the maximum horsepower rating of unit; No. 12 AWG (minimum). Wiring shall be 
type MTW rated for 105ºC.  Wire color coding shall be as specified in Section 16123, Low 
Voltage Cable. 

 
H. Each motor starter coil shall be equipped with a surge-suppression device for protection 

of the solid state equipment (e.g. programmable logic controller) wired as part of the 
control circuit. 

 

I. Individual magnetic motor starters shall be as manufactured by Eaton using NEMA rated 
Freedom Series starters and contactors, the General Electric Company equivalent, or the 
Square D Company equivalent equivalent. 

 
 
2.03 INDIVIDUAL MANUAL MOTOR STARTERS 
 

A. Individual manual motor starters in enclosures as specified above shall be furnished and 
installed for outdoor and indoor exposed work.  Furnish and install manual motor starters 
in outlet boxes with flush wall plates as required for concealed work. 

 
B. Furnish and install manual motor starters with pilot lights and overload heater elements of 

correct rating based on motor nameplate data. 
 

C. Manual motor starters shall be equipped with either a push button or toggle operator with 
reset device or mechanism accessible without opening the enclosure. 
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D. Individual manual motor starters for motors one (1) horsepower and less shall be Eaton 
Type MS, the General Electric Company equivalent, the Square D Company equivalent, 
or Allen-Bradley equivalent. 

 
E. Individual manual motor starters for integral horsepower motors shall be Eaton Type B100 

or B101, the General Electric Company equivalents, the Square D Company equivalents, 
or Allen-Bradley equivalent equivalents. 

 
 
PART 3 -- EXECUTION 
 
3.01 INSTALLATION 
 

A. All individual motor starters shall be installed as indicated on the Drawings and as 
recommended by the equipment manufacturer. 
 

B. Individual motor starters shall be provided in the enclosure type and material of 
construction required for the area in which it is installed.  Reference the requirements in 
Part 2 herein, and the area designations indicated on the Drawings. 

 
3.02 TESTING 
 

A. All tests shall be performed in accordance with the requirements of the General Conditions 
and Division 1.  The following tests are required: 

 
1. Witnessed Shop Tests 

 
a. None required. 

 
2. Field Tests 

 
a. Field testing shall be done in accordance with the requirements specified 

in the General Conditions, Division 1, and NETA acceptance testing 
specifications, latest edition. 

 
 
 
 

- END OF SECTION - 
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SECTION 16482 
 

LOW VOLTAGE MOTOR CONTROL CENTERS 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish, install, test, and place in satisfactory operation, the motor 
control centers as specified herein and indicated on the Drawings. 

 
B. The Design/Builder shall obtain the motor control centers from one manufacturer who shall 

also manufacture the enclosure and major equipment components, which includes, but is 
not limited to, circuit breakers, power monitoring equipment, and other components of the 
equipment assembly.  Subcontracting of wiring is not acceptable. 

 
C. The motor control center shall be assembled using NEMA rated components.  

Components designed and built to International Electrotechnical Commission (IEC) 
standards are not recognized.  Equipment designed, manufactured and labeled in 
compliance with IEC standards or dual rated are not acceptable. 

 
D. Reference Section 16000, Basic Electrical Requirements; Section 16195, Electrical 

Identification; Section 16280, Surge Protective Devices, and Section 16902, Electric 
Controls and Relays. 

 
1.02 CODES AND STANDARDS 
 

A. The assemblies shall meet or exceed the requirements within the following standards for 
motor control centers: 
 
1. NEMA ICS-18   
 
2. UL845 
 

B. The motor control center shall be designed, manufactured, and tested in facilities 
registered to the following quality standards: 

 
1. ISO 9001 

 
1.03 SUBMITTALS 
 

A. In accordance with the procedures and requirements set forth in the General Conditions 
and Section 01 33 00 – Submittal Procedures, the Design/Builder shall obtain from the 
equipment manufacturer and submit the following: 

 
1. Shop Drawings. 

 
2. Spare Parts List. 

 
3. Proposed Testing Methods and Reports of Certified Shop and Field Tests. 
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4. Manufacturers Startup Certification 

 
5. Operation and Maintenance Manuals. 

 
B. Each submittal shall be identified by the applicable specification section. 

 
1.04 SHOP DRAWINGS 
 

A. Each submittal shall be complete in all respects, incorporating all information and data 
listed herein and all additional information required for evaluation of the proposed 
equipment's compliance with the Contract Documents. 

 
B. Partial, incomplete or illegible submittals will be returned to the Design/Builder without 

review for resubmittal.   
 

C. Shop drawings for each motor control center shall include but not be limited to: 
 
1. A Compliance, Deviations, and Exceptions (CD&E) letter.  If the shop drawings are 

submitted without this CD&E letter, the submittal will be rejected.  The letter shall 
include all comments, deviations and exceptions taken to the Drawings and 
Specifications by the Design/Builder AND Equipment Manufacturer/Supplier.  This 
letter shall include a copy of this specification section.  In the left margin beside 
each and every paragraph/item, a letter "C", "D", or "E" shall be typed or written in.  
The letter "C" shall be for full compliance with the requirement.  The letter "D" shall 
be for a deviation from the requirement.  The letter "E" shall be for taking exception 
to a requirement.  Any requirements with the letter "D" or "E" beside them shall be 
provided with a full typewritten explanation of the deviation/exception.  Handwritten 
explanation of the deviations/exceptions is not acceptable.  The CD&E letter shall 
also address deviations, and exceptions taken to each Drawing related to this 
Specification Section. 

 
2. Product data sheets. 

 

3. Example equipment nameplate data sheet. 
 

4. Approximate total shipping weight of each shipping split. 
 

5. Plan, front, and side view drawings, including overall dimensions of each motor 
control center.  Identify shipping splits and show conduit stub-up area locations on 
the Drawings. 

 

6. Internal schematic and point-to-point wiring diagrams of each motor control unit.  
Standard wiring diagrams that are not custom created by the manufacturer for the 
motor control centers for this project are not acceptable.  One wiring diagram which 
is typical for an equipment group (e.g.Sidestream injection pumps) is not 
acceptable.  Each wiring diagram shall include wire identification and terminal 
numbers.  Indicate all devices, regardless of their physical location, on the 
diagrams. Identify on each respective wiring diagram specific equipment names 
and equipment numbers consistent with those indicated on the Drawings. 

 
7. Complete single-line diagrams for each motor control center showing circuit 

breakers, motor circuit protectors, motor controllers, instrument transformers, 
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meters, relays, timers, control devices, and other equipment comprising the 
complete assembly.  Indicate electrical ratings of equipment and devices on these 
single-line diagrams.  Ratings include motor circuit protector continuous current 
rating, circuit breaker frame size and trip rating, motor horsepower and full load 
current, and similar information. 

 
8. Bill of material list for each motor control center and each motor control unit. 

 
9. Nameplate schedule for each motor control center. 

 
10. Manufacturer's installation instructions. 

 
11. Key interlock scheme drawing and sequence of operations. 
 
12. Manufacturer’s Warranty Statement  
 
13. Table listing all motor loads connected to the motor control center.  Table shall 

include the full load amps of the APPROVED motors.  Final approval of MCC shop 
drawings cannot be given until all motor loads for MCC have been reviewed, 
approved, and shown in this table. 

 
D. The shop drawing information shall be complete and organized in such a way that the 

Engineer can determine if the requirements of these Specifications are being met.  Copies 
of technical bulletins, technical data sheets from "soft-cover" catalogs, and similar 
information which is "highlighted" or somehow identifies the specific equipment items the 
Design/Builder intends to provide are acceptable and shall be submitted.   

 
E. Prior to completion and final acceptance of the project, the Design/Builder shall furnish 

and install "as-built" wiring diagrams for each motor control center unit of each motor 
control center.  These final drawings shall be included in the O&M manuals.   

 
1.05 OPERATION AND MAINTENANCE MANUALS 
 

A. The Design/Builder shall submit operation and maintenance manuals in accordance with 
the procedures and requirements set forth in the General Conditions and Division 1.   

 
1.06 SPARE PARTS 
 

A. All spare parts as recommended by the equipment manufacturer shall be furnished to the 
Owner by the Design/Builder. 

 
In addition to the manufacturer recommended spare parts, the Design/Builder shall furnish 
the following spare parts for each motor control center: 

 
No. Required Description 

  

1 set Fuses of each size provided 

1 Relay of each size and type used. 

1 Control power transformer of each size used. 

2 Lamps and lenses for indicating lights, each color. 

1 Indicating lamp sockets for each type used. 
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No. Required Description 

  

1 Pilot device (e.g. pushbutton, selector switch, etc) complete with contact 

blocks and legend plates for each type, color, size and rating used. 

1 Motor circuit protector for each type, size, and rating used. 

1 Molded case circuit breaker for each type, size, and rating used (except 

main circuit breakers). 

 
B. The spare parts shall be packed in containers suitable for long term storage, bearing labels 

clearly designating the contents and the pieces of equipment for which they are intended. 
 

C. Spare parts shall be delivered at the same time as the equipment to which they pertain.  
The Design/Builder shall properly store and safeguard such spare parts until completion 
of the work, at which time they shall be delivered to the Owner. 

 

D. Spare parts lists, included with the shop drawing submittal, shall indicate specific sizes, 
quantities, and part numbers of the items to be furnished.  Term such as "1 lot of packing 
material" are not acceptable. 

 

E. Parts shall be completely identified with a numerical system to facilitate parts control and 
stocking.  Each part shall be properly identified by a separate number.  Those parts which 
are identical for more than one size, shall have the same parts number. 

 
1.07 IDENTIFICATION 
 

A. Each motor control center shall be identified with the identification number indicated on 
the Drawings (e.g., MCC-1).  A nameplate shall be securely affixed in a conspicuous place 
on each motor control center.  Nameplates shall be as specified in Section 16195, 
Electrical - Identification. 

 
1.08 WARNING LABELING 
 

A. Provide permanent warning labeling on the MCC indicating multiple sources of power exist 
in the facility. 
 

B. Provide permanent solar warning labeling on solar circuit breaker per NEC requirements. 
 
 
 
 
PART 2 -- PRODUCTS 
 

2.01 MANUFACTURERS 
 

A. The equipment covered by this Specification is intended to be standard equipment of 
proven performance as manufactured by reputable concerns.  Equipment shall be 
designed, constructed and installed in accordance with the best practices of the trade, and 
shall operate satisfactorily when installed as shown on the Drawings.   

 
B. It is the intent of these specifications that all components of the motor control center be 

provided by one manufacturer who shall have the sole responsibility of matching all 
components and providing equipment which functions together as a system.  The 
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manufacturer of the motor control center shall also be the manufacturer of the motor 
controllers.  The use of third-party supply and assembly of these components is not 
acceptable. 

 
 
 
C. Motor control centers shall be Freedom 2100 as manufactured by Eaton using NEMA 

rated Freedom Series contactors and starters, Model 6 as manufactured by the Square D 
Company, or Centerline 2100 as manufactured by Allen-Bradley.  No substitutions 
allowed. 

 
2.02 MOTOR CONTROL CENTER 
 

A. General 
 

1. The motor control centers shall be 600 VAC class suitable for operation on a three-
phase, 60 Hz system.  The motor control centers and their components shall 
conform to the requirements of applicable standards of NEMA Part ICS 2-322 and 
Underwriters’ Laboratories, Inc. UL-845.  Wiring shall be NEMA Class II, Type B. 
Each vertical section shall be a NEMA 12 (gasketed) industrial use enclosure 
unless otherwise specified or indicated on the Drawings. 

 
2. The enclosures shall be cleaned, primed, and finish coated in accordance with the 

manufacturer’s standard process.  The pre-treatment process shall be a zinc 
chromate primer followed by a “One Coat” paint process that is monitored to meet 
the manufacturer’s specifications for paint color, texture, thickness, and durability.  
Enclosure interior and exterior finish color shall be ANSI 49 (medium light gray).  
The color of the back panel/bucket located within the MCC enclosure shall be 
white. 

 
3. The motor control centers shall be capable of withstanding the fault current 

available at its line terminals.  Minimum bus bracing, withstand, and interrupting 
ratings are specified herein. 

 
4. Unless otherwise specified or indicated on the Drawings, each vertical section shall 

be approximately 20 inches wide, and 90 inches high, 20 inches deep.  Motor 
control center sections with common horizontal and/or vertical bus systems are 
unacceptable. 

 
5. Continuous horizontal wiring troughs shall be provided at both the top and bottom 

of each section.  These troughs shall line up to form a continuous wireway for the 
full length of the motor control center.  Each section shall be provided with a large, 
continuous, full height vertical wiring trough in the right side of each section.  Each 
vertical wiring trough shall be furnished complete with tie bars for conductor 
support. 

 
6. All control wiring shall be No. 14 AWG (minimum) labeled at each end in 

accordance with the wiring numbers shown on the accepted shop drawings.  
Power wiring shall be sized to suit the maximum horsepower rating of unit; No. 12 

AWG (minimum). Wiring shall be type MTW rated for 105C.  Wire color coding 
shall be red for control and black for power.  Wire numbers shall not be repeated 
in a motor control center.   
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7. The motor control centers shall be furnished with warning signs to notify 

maintenance personnel of multiple sources of power within the motor control units.  
 

B. Power 
 

1. The motor control centers shall be supplied from a 480V, 3-phase, 3 or 4 wire as 
indicated on the Drawings, 60 Hz power source.  The incoming power feeders shall 
be sized as shown on the Drawings.  All terminals for incoming and outgoing power 
cables shall be provided with compression lugs. 

 
C. Bus 

 
1. Power shall be distributed by means of a continuous, tin plated copper horizontal 

bus, rated as shown on the Drawings.  The bus shall be braced for 65,000A rms 
symmetrical at 480V unless otherwise indicated on the Drawings.  The horizontal 
bus shall be effectively isolated from all wiring troughs and other working areas.  
Vertical bus extensions shall be tin plated copper, isolated by rigid, glass-polyester 
moldings so as to be a separate self-supported assembly.  Silver plated vertical 
bus may be provided if specifically accepted by the Engineer.  Full height vertical 
bus shall be installed in all sections including those containing spare units and 
"prepared" spaces.  No extra safety jacks or similar devices shall be required to 
obtain an essentially dead-front condition.  Access shall be provided for inspection 
and maintenance from the front.  Minimum horizontal bus rating shall be 600A.  
Minimum vertical bus rating shall be 300A. 

 
D. Incoming Line Units 

 
1. Each incoming line unit shall contain buswork and fittings as required with cable 

lugs for cables of sizes and quantities shown on the Drawings.  Cable lugs shall 
be suitable for their respective conductors. 

 
E. The Unit Compartments 

 
1. Each unit compartment shall be provided with an individual front door hinged to 

the vertical structure.  Each plug-in unit shall be supported and guided by a 
removable unit support pan, so that the unit rearrangement is easily accomplished.  
The rearrangement of the unit support pan from one location to the other shall be 
accomplished without use of tools.  After insertion, each plug-in unit shall be held 
in place by at least one multi-turn latch, located at the front of the unit.  The latch 
shall be located for front accessibility and installation convenience. An additional 
mechanical interlock shall be provided to prevent withdrawal of the unit from the 
stationary structure with the operating mechanism in the ON position. 

 
2. The unit plug in power stabs shall be electromagnetically tin plated copper to yield 

a low resistance connection and designed to tighten during heavy current surges 
and short circuits.  The stab shall be backed by spring steel clips to provide and 
maintain a high pressure, two point connection to the vertical bus.  They shall be 
free floating and self loading plug-in.  Wiring from the unit disconnecting means to 
the plug-in stab shall be exposed at the rear of the unit.  The power cable 
terminations at the plug-in stab shall be mounted in a two-piece, glass polyester 
support assembly.  This support assembly shall provide a separate isolated 
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pathway for each phase, minimizing the probability of a unit fault condition reaching 
the power bus system. 

 
3. An industrial, heavy-duty flange handle mechanism shall be supplied for the control 

of each disconnecting means.  This mechanism shall be engaged with the 
disconnect device at all times as an integral part of the unit regardless of the unit 
door position.  The operator handles shall have an up-down motion with the down 
position as off.  The ON-OFF condition of the disconnecting means shall be 
permanently marked on the handle operator.  It shall be possible to lock the handle 
in the "OFF" position with up to three (3) 3/8 inch diameter shackle padlocks and 
in the "ON" position with one (1) 3/8 inch diameter shackle padlock. 

 
4. The operator handle of all units shall be interlocked with the door units so that the 

disconnect means cannot be switched unless the door unit is closed.  A means 
shall be provided for purposely defeating the interlock during maintenance or 
testing.  This interlock shall also prevent opening the unit door unless the 
disconnecting means is in the off position.  An externally operated defeater 
requiring the use of a screwdriver shall provide access to the unit without 
interrupting service.   

 
5. The overload relays shall be resettable from the outside of the enclosure by means 

of an insulated bar or button.   
 

F. Ground Bus 
 

1. The horizontal ground bus shall be tin plated copper and located in the bottom 
horizontal wireway.  The minimum size of the horizontal ground bus shall be 1/4 
inch x 1 inch (6.35mm x 25.4mm) or 33% of the phase bus ampacity, whichever is 
greater. 

 
2. Compression lugs shall be mounted on the ground bus in each section, in the size 

and quantity as required for the termination of system and equipment grounding 
conductors. 

 
3. The vertical ground bus shall be tin plated copper and solidly connected to the 

horizontal ground bus.  This ground bus, in combination with the unit ground bus 
stab, establishes unit grounding before the plug-in power stabs engage the power 
bus, and conversely, as the unit is withdrawn, grounding is maintained until after 
the plug-in power stabs are disengaged. 

 
4. The vertical load ground bus shall be tin plated copper and solidly connected to 

the horizontal ground bus.  The vertical load ground bus assembly, comprised of 
the vertical load ground bus and the unit load ground bus connector, shall provide 
a termination point for the load equipment grounding conductor at the unit.  This 
fixed connection shall not have to be removed when the unit is withdrawn from the 
motor control center. 

 
G. Isolation and Insulation 

 
1. Horizontal bus access covers and vertical bus covers shall isolate the energized 

buses to guard against the hazard of accidental contact.  These covers shall be 
molded of a glass polyester material. 
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2. The horizontal bus shall be isolated from the top horizontal wireway by a grounded 

steel barrier.  This barrier shall be removable to allow access to the bus and 
connections for maintenance. 

 
3. The vertical bus cover shall provide unit plug-in openings which shall permit unit 

plug-in stab assemblies to pass through and engage the vertical bus.  The unit 
plug-in openings shall be sized to minimize the probability of inadvertent contact 
with the vertical bus. 

 

4. Isolation of unused stab openings shall be accomplished by use of a manual 
shutter to close off the stab opening.  These shutters shall be attached to the 
structure so that when they are removed (to allow a stab connection) they are 
retained in the structure and are readily accessible for use should a plug-in unit be 
removed from the motor control center. 

 
5. All units shall be isolated from one another, above and below, by unit support pans 

or steel barriers, which can remain in place when the units are withdrawn. 
 

6. Incoming line compartments shall be isolated from horizontal and vertical wireways 
by steel barriers. 

 
7. A molded unit isolating barrier shall be provided to isolate the unit from the vertical 

wireway. 
 

H. Combination Motor Control Units 
 

1. Motor branch circuits shall be protected by a motor circuit protector (MCP). 
 

2. The motor circuit protector shall be operated by a toggle type handle and shall 
have a quick make, quick break overcenter switching mechanism that is 
mechanically trip free from the handle, so that the contacts cannot be held closed 
against short circuits and abnormal currents.  Tripping shall be clearly indicated by 
the handle automatically assuming a position midway between the manual ON and 
OFF positions.  All latch surfaces shall be ground and polished.  All poles shall be 
so constructed that they open, close, and trip simultaneously. 

 
3. Each pole of these motor circuit protectors shall provide instantaneous short circuit 

protection by means of an adjustable magnetic only element. 
 
4. The motor circuit protectors in combination with a contactor and overload relay 

shall have an interrupting rating that matches the motor control center short circuit 
rating at 480V. 

 
5. Motor circuit protector's ratings, modifications, etc., shall be as specified herein 

and as indicated on the Drawings. 
 
6. Motor circuit protectors shall be completely enclosed molded case devices with a 

current sensing coil in each of the 3 poles and have a magnetic trip adjustment 
located on the front.  The motor circuit protector shall be manually operable.  The 
protector shall be designed to meet the NEC requirement concerning motor full 
load and locked-rotor current.  Ampere ratings shall be clearly visible.  Contacts 
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shall be of non-welding silver alloy.  Arc extinction must be accomplished by means 
of arc chutes, consisting of metal grids mounted in an insulating support. 

 
I. Circuit Breakers 

 
1. Where specified herein, indicated on the Drawings, or required, the main circuit 

breaker shall be rated for service entrance and bear a service entrance label. 
 

2. Unless otherwise indicated, circuit breakers shall be manually operable and shall 
provide thermal-magnetic, inverse-time-limit overload, and instantaneous short-
circuit protection. 

 
3. Circuit breakers shall be molded case type, rated 480 VAC, 2 or 3 pole and have 

100 ampere or larger frames.  The interrupting rating shall match that of the motor 
control center short circuit rating at 480V. 

 
4. Overload protection shall be provided on all poles with trip settings as indicated on 

the Drawings.  Breakers of 225-ampere frames and larger shall have 
interchangeable trip units and adjustable magnetic trip elements. 

 
5. Horizontally mounted operator handles for feeder circuit breaker units up to 225A 

are permissible if accepted in writing by the Engineer. 
 

6. Where indicated on the Drawings, shunt trip devices shall be provided to trip a 
circuit from a remote location by means of a trip coil energized from a separate 
circuit.  A 120V shunt trip shall be capable of operating 55% or more of rated 
voltage.  All other shunt trips shall be capable of operating at 75% or more of rated 
voltage. 

 
J. Terminal Blocks 

 
1. Terminal blocks associated with removable units within the motor control center 

shall be provided as follows: 
 

a. Terminal blocks shall be mounted within the unit insert and in the front for 
ease of accessibility.   

 
b. Pull-apart style terminal block assemblies shall be provided.  Terminal 

block assembly shall consist of a male and female component held 
together with captive screws.  The terminal block assembly shall be 
designed to withstand the effects of vibration, yet able to be pulled apart 
without difficulty.  The terminals of the assembly shall be recessed to 
isolate them from accidental contact. Terminal markings shall be provided 
for the purpose of identifying terminations.  Terminal strips shall be suitable 
for use as a disconnecting means of foreign interlock voltages. 

 
2. Terminal blocks associated with non-removable units within the motor control 

center shall be provided in accordance with Section 16902, Electric Controls and 
Relays. 

 
3. Provide a minimum of four (4) spare terminals in each terminal block assembly.   
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K. Control Devices 
 

1, Furnish and install control devices as required and/or shown on the Drawings.  The 
following control devices shall be provided as specified in Section 16902, Electric 
Controls and Relays: 

 
a. Pilot devices (switches, indicating lights, etc) 
 
b. Relays and timers 

 
L. Nameplates 

 
1. Provide engraved plastic nameplates to identify the motor control center, each unit 

compartment, door mounted devices, and internal components. 
 

2. Nameplates shall be as specified in Section 16195, Electrical - Identification. 
Equipment names and numbers as indicated on the single line diagrams shall be 
used as the basis to engrave the nameplates. 

 
3. Provide a master nameplate giving motor control center designation, voltage 

rating, ampere rating, short circuit rating, manufacturer's name, general order 
number and item number. 

 
4. Control components mounted as part of the assembly, such as fuse blocks, control 

relays, pushbuttons, switches, and similar devices, shall be suitably marked for 
identification corresponding to appropriate designations on the manufacturer's 
wiring diagrams. 

 
M. Future Space Requirements 

 
1. Provide spaces for future combination starter and other units in the motor control 

centers.  Furnish spaces with hardware to accommodate future plug-in control unit 
without modification of vertical sections.  Provide the number of spaces required 
for future units as indicated on the Drawings, minimum. 

 
2. Provide additional vertical sections to ensure total number of spaces as indicated 

on the Drawings.  The number of vertical sections are contingent upon specific 
manufacturer's final proposed and Engineer-accepted configuration of motor 
control center units. 

 
 

N. Metering 
 

1. Each motor control center assembly shall be furnished and installed with an Eaton 
Power Xpert 2000 power quality meter series, or approved equal.  A 
communication expansion card to support Ethernet communication to the plant 
control system. 

 
O. Voltage Test Points 

 
1. Provide voltage test points model Safe-Test Point (R-3MT) as manufactured by 

Grace Engineered Products, Inc. 
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2.03 SURGE PROTECTIVE DEVICES 
 

A. The motor control center shall be furnished with integrated Type II surge protective 
devices (SPD).  SPDs shall be provided in the location and quantity as shown on the 
Drawings. 

 
B. The SPD shall be rated, designed, tested, listed, and labeled in accordance with UL-1449, 

latest edition.   
 
C. The SPD shall be factory installed by the motor control center manufacturer using a direct 

bus connection.  There shall be no cable connection between the bus bar and the SPD 
device. 

 
D. The SPD shall have a fault current rating equal to or greater than that of the fault current 

rating of the motor control center.  The SPD shall employ metal-oxide varistor (MOV) 
technology.  If integral fusing is used, the fuses shall allow the maximum rated surge 
current to pass without fuse operation. 

 
E. The SPD shall have a maximum continuous operating voltage (MCOV) of at least 115% 

of the nominal voltage of the motor control center.  The Voltage Protection Rating (VPR) 
of each SPD shall not exceed the following: 
 

SYSTEM VOLTAGE L-N L-G L-L N-G 

480Y/277 1200V 1200V 1800V 1200V 

 
F. The Nominal Discharge Current (In) of the SPD shall be 20kA.  Peak surge current ratings 

shall not be used as a basis for applying the SPD to the system.   
 

The surge current rating for each SPD shall be as indicated on the Drawings.  Surge 
current ratings are indicated on single line diagrams.  Surge current rating indicated is on 
a per phase basis. 

 
G. Each SPD system shall provide surge protection in all possible modes. Surge protection 

shall be as follows: 
 

SYSTEM CONFIGURATION MODES OF PROTECTION NUMBER OF MODES 

3-Phase Wye L-N, L-G, N-G 7 

 
H. The SPD shall be furnished with an audible alarm and silence pushbutton, integral SPD 

status LEDs (one per phase), and a Form C dry contact for remote indication of alarm.  A 
surge counter shall also be provided. 

 
I. The SPD equipment shall be SPD Series by Eaton, SurgeLogic by the Square D 

Company, Tranquell by the General Electric Company, or equal. 
 
 
 
PART 3 -- EXECUTION 
 
3.01 INSTALLATION 
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A. The motor control centers shall be installed as shown on the Drawings and in accordance 

with the manufacturer's installation instructions. 
 

B. Install motor control centers to allow complete unit door swing required for unit removal.  
This is specifically required where a vertical section of motor control center is set next to 
a wall to the left of the motor control center section. 

 
C. Where motor control center structures are located away from walls to allow bottom conduit 

entry, the Design/Builder shall furnish and install sheet metal coverings for openings along 
the sides and top of the motor control center line-up.  The purpose of the coverings is to 
minimize dust, dirt, and undesirable materials from collecting behind the equipment.  The 
sheet metal coverings shall be of the same material, gauge, and finish as the motor control 
center. 

 
D. Motor control centers shall be furnished with anchor bolts as required for aligning and 

mounting.  Floor channels with end covers shall be of type recommended by the 
manufacturer and shall be furnished for installation in a concrete pad. 

 
E. All field wiring that is terminated directly to a unit within the motor control center shall be 

neatly routed in a manner that does not hinder the ability to service, adjust, or replace 
components within that unit.  Field wiring shall be properly anchored to the motor control 
center and individual unit structures. 

 
F. Prior to final completion of the work, all metal surfaces of the equipment shall be cleaned 

thoroughly, and all scratches and abrasions shall be retouched with the same lacquer as 
used for shop finishing coats. 

 
3.02 TESTING 
 

A. All tests shall be performed in accordance with the requirements of the General Conditions 
and Division 1.  The following tests are required: 

 
1. Witnessed Shop Tests 

 
a. None required. 

 
2. Certified Shop Tests and Reports 

 
a. Submit description of proposed testing methods, procedures, and 

apparatus. Submit notarized and certified copies of all test reports. 
 

b. As a minimum, the entire motor control center shall go through a quality 
inspection before shipment.  This inspection shall include, but is not limited 
to, the following: 

 
i. Physical inspection of the structure and the electrical conductors 

including bussing, general wiring, and units. 
 

ii. General electrical tests including power circuit phasing, control 
circuit wiring, instrument transformers, meters, ground fault system, 
and device electrical operation. 



Sustainable Water Phase 3 –  Low Voltage Motor Control Centers – REV 0    
Demonstration Facility 16482-13 IFC June 2017 

 
iii. AC dielectric tests of the power circuits and control circuits. 

 
iv. Markings/labels, including instructional type, Underwriters 

Laboratory (UL), and inspector's stamps. 
 

c. The manufacturer shall use integral quality control checks throughout the 
manufacturing process to maintain the correctness of the motor control 
center. 

 
3. Field Tests 

 
a. Field tests shall be performed in accordance with the requirements 

specified in the General Conditions, Division 1, and NETA Acceptance 
Testing Specifications, latest edition.   

 
3.03 FIELD ADJUSTMENTS 
 

A. All adjustable settings of circuit breakers shall be set in the field by a qualified 
representative of the manufacturer, or an outside testing company retained by the 
Design/Builder, in accordance with the settings designated in the coordination study.  See 
Section 16000, Basic Electrical Requirements. 

 
B. The settings of the motor circuit protectors and overload relays shall be set based on the 

coordination study and the motor nameplate data of the motors installed. 
 
3.04 SERVICES OF MANUFACTURER'S REPRESENTATIVE 

 
A. The Design/Builder shall provide the services of a qualified, factory-trained manufacturer's 

technical representative who shall adequately supervise the installation and testing of all 
equipment furnished under this Contract.  The manufacturer's representative shall certify 
in writing that the equipment has been installed in accordance with the manufacturer's 
recommendations.  No further testing or equipment startup may take place until this 
certification is accepted by the Owner.   

 
B. The manufacturer’s technical representative shall perform startup and functional testing 

of the equipment as specified herein.   
 
C. The Design/Builder shall provide training for Owner personnel.  Training shall be 

conducted by the manufacturer's factory-trained representative who shall instruct Owner 
personnel in operation and maintenance of all equipment provided under this Section.  
Training shall be provided for two (2) sessions of two (2) hours each.  Training shall be at 
times coordinated with the Owner.  Training shall be provided in accordance with the 
requirements of Section 11000, Equipment – General Provisions. 

 
D. The services of the manufacturer's representative shall be provided for a period of not less 

than as follows: 
 

1. One (1) trip of one (1) working day during the installation and startup of the 
equipment. 
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2. One (1) trip of one (1) working day two (2) months before the warranty expiration 
to identify any issues to be corrected under warranty. 

 
3. One (1) trip of one (1) working day to perform training as specified herein. 

 
E. Any additional time required to achieve successful installation and operation shall be at 

the expense of the Design/Builder. 
 
 

- END OF SECTION - 
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SECTION 16495 
 

VARIABLE FREQUENCY DRIVE SYSTEMS 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish, install, connect, test and place in satisfactory operating 
condition all variable frequency drives (VFD's) as specified herein and indicated on the 
Drawings. 

 
B. Reference Section 16000, Basic Electrical Requirements, Section 16902, Electric Controls 

and Relays, and Section 17900, Schedules and Control Descriptions, General. 
 
1.02 TESTING 
 

A. All tests shall be performed in accordance with the requirements of the General Conditions 
and Division 1.  The following tests are required: 

 
1. Shop Tests 

 
a. The VFD's specified in this Section shall be shop tested and inspected in 

accordance with the equipment manufacturer's standard procedures.  The 
testing and inspection procedures shall demonstrate that the equipment 
tested conforms to the requirements specified and shall be approved by the 
Engineer.  

 
b. Factory test the complete variable frequency drive system in accordance with 

IEEE and NEMA standards with these Specifications.  In addition, the 
variable frequency drive system shall be tested for efficiency as defined in 
this Specification and for operational integrity during output short circuit 
conditions.  Short circuit test shall demonstrate that the equipment will 
successfully protect against and survive a minimum of three (3) successfully 
repeated phase-to-phase short circuits at the drive output terminals. 

 
c. Variable frequency drive system components, including power transistors, 

GTOs, SCRs, IGBT's, diodes shall be 100 percent inspected and tested, 
including temperature cycling and inspected and tested including 
temperature cycling and ambient high temperature of 65 degrees Celsius 
load testing.  All integrated circuits shall be inspected, pass/fail tested, 
temperature cycled and ambient high temperature tested.  Small 
components, including small signal semiconductors, resistors, capacitors, 
diodes, etc. shall be lot sampled and tested for functionality.  Test printed 
circuit boards under a temperature cycled 20 hour load test and functionally 
bench test prior to unit installation. Inspect all final assemblies and test at full  
load with application of line-to-line and line-to-ground bolted faults.  The 
variable frequency drive system shall electrically trip off line under these 
conditions without device failure. 

3
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d. After the specified inspections and tests have been successfully completed, 

the variable frequency drive systems 50HP and larger shall undergo an 8 
hour burn-in test.  Burn system in at 100 percent inductive or motor load for 
40 hours without an unscheduled shutdown.   

 
2. Certified Shop Tests and Reports 

 
a. Submit description of proposed testing methods, procedures, and apparatus.  

 
b. Submit notarized and certified copies of all test reports. 

 
c. Submit factory bench-test data to indicate that the manufacturer's proposed 

equipment has been tested in the specified arrangement and found to 
achieve specified accuracy. 

 
3. Field Tests 

 
a. Field tests shall be performed in accordance with requirements specified in 

the General Conditions, Division 1, and Section 16000, Basic Electrical 
Requirements. 

 
B. Drive system shall not be shipped from the manufacturing and assembly facility until the 

acceptance tests are completed and the acceptance tests are completed and the results 
approved by the test representative. 

 
C. Certification on materials and records of shop tests necessary for the inspector to verify that 

the requirements of the Specifications are met, shall be made available to the inspector. 
 

D. Submit signed and dated certification that all of the factory inspection and testing procedures 
described herein have been successfully performed by the Design/Builder prior to shipment. 

 
1.03 SUBMITTALS 
 

A. In accordance with the procedures and requirements set forth in General Conditions and 
Section 01 33 00 – Submittal Procedures, the Design/Builder shall obtain from the 
equipment manufacturer and submit the following: 

 
1. Shop Drawings 

 
2. Harmonic Study Report 

 
3. Programming Guides/Manuals 

 
4. Operation and Maintenance Manuals 

 
5. Spare Parts List 

 
6. Special Tools List 

 
7. Shop Test Plan 
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8. Reports of Certified Shop and Field Tests  

 
B. Each submittal shall be identified by the applicable specification section. 

 
1.04 SHOP DRAWINGS 
 

A. Each submittal shall be complete in all respects, incorporating all information and data listed 
herein and all additional information required for evaluation of the proposed equipment's 
compliance with the Contract Documents. 

 
B. Partial, incomplete, or illegible submittals will be returned to the Design/Builder without 

review for resubmittal.   
 

C. Drawings submitted by the manufacturer shall be complete and documented to provide the 
Owner with operations and maintenance capabilities. 

 
D. Shop drawings for each VFD shall include but not be limited to: 

 
1. Layout drawings of the variable frequency drive system that include all cabinet or 

enclosure dimensions, access details, and weights. 
 

2. Layout drawings of panels or enclosures showing size, arrangement, color, and 
nameplates.  Drawings shall include the physical arrangement of door mounted 
devices located on the variable frequency drive enclosure.  Sufficient detail shall be 
provided for locating conduit stub-ups.  General "catalog data sheet" layout drawings 
which are not specific to the systems specified herein are not acceptable. 

 
3. Custom schematic and interconnection wiring diagrams of all electrical work, 

including terminal blocks and identification numbers, wire numbers and wire colors.  
Standard schematics and wiring diagrams that are not custom created by the 
manufacturer for the variable frequency drives for this project are not acceptable.  
These drawings shall be circuit specific for each motor-load combination (e.g. well 
back pump, plant drain pumps, etc.).  Indicate all devices, regardless of their 
physical location, on these diagrams.  Specific equipment names consistent with the 
Drawings shall appear on each respective diagram. 

 
4. Complete single line diagrams indicating all devices comprising the variable 

frequency drive system including, but not limited to, circuit breakers, motor circuit 
protectors, contactors, instrument transformers, meters, relays, timers, control 
devices, and other equipment comprising the complete system.  Electrical ratings of 
all equipment and devices shall be clearly indicated on these single line diagrams. 

 
5. Complete Bills of Material and catalog data sheets for all equipment and devices 

comprising the variable frequency drive system. 
 

6. A complete list of recommended spare parts, including item descriptions, 
recommended quantities, and unit costs.  The recommended list should be based on 
a maintenance plan where the Owner will remove and replace failed items to the 
lowest replaceable module/component level. 
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E. The shop drawing information shall be completed and organized in such a way that the 
Engineer can determine if the requirements of these Specifications are being met.  Copies of 
technical bulletins, technical data sheets from "Soft Cover" catalogs, and similar information 
which is "highlighted" or somehow identifies the specific equipment items the Design/Builder 
intends to provide are to provide are acceptable and shall be submitted. 

 
F. Prior to completion and final acceptance of the project, the Design/Builder shall furnish and 

install "as-built" wiring diagrams for each VFD and bypass starter.  These final drawings 
shall be plastic laminated and securely placed inside each VFD and starter door and 
included in the O&M manuals. 

 
G. Product Data shall include, but not be limited to: 

 
1. Functional diagrams that identify major system functional blocks and interfaces. 

 
2. Special requirements or restrictions of the motor-load combination that may result 

from operation on the variable frequency drive system.  
 

H. Programming Guides and Manuals shall be submitted.  If the variable frequency drive 
systems require computer software or configuration, provide copies of all programming 
guides/manuals.  Flow charts and listings of software developed shall be submitted to the 
Engineer.  Submit final flow charts and program listings no later than 6 weeks prior to factory 
testing of the system. 

 
1.05 OPERATIONS AND MAINTENANCE MANUALS 
 

A. The Design/Builder shall submit operation and maintenance manuals in accordance with the 
procedures and requirements set forth in the General Conditions, Section 01 33 00, 
Submittal Procedures and Section 11000, Equipment - General Provisions. 

 
B. Operation and Maintenance Manuals shall also be provided in electronic format on CDROM. 

 
1.06 TOOLS, SUPPLIES, AND SPARE PARTS 
 

A. The VFD's and accessories shall be furnished with all special tools necessary to 
disassemble, service, repair, and adjust the equipment.  All spare parts as recommended by 
the equipment manufacturer shall be furnished by the Design/Builder to the Owner. 

 
B. The Design/Builder shall furnish the following spare parts for each type and size VFD: 

 
1. One set of all power and control fuses for each variable frequency drive. 

 
2. One fully functional main control circuit board for each variable frequency drive. 

 
3. One of each inverter power semiconductor for each rating supplied for each variable 

frequency drive. 
 

C. The spare parts shall be packed in containers suitable for long term storage, bearing labels 
clearly designating the contents and the pieces of equipment for which they are intended. 
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D. Spare parts shall be delivered at the same time as the equipment to which they pertain.  The 
Design/Builder shall properly store and safeguard such spare parts until completion of the 
Work, at which time they shall be delivered to the Owner. 

 
E. Spare parts lists, included with the shop drawing submittal shall indicate specific sizes, 

quantities, and part numbers of the items to be furnished.  Terms such as "1 lot of packing 
material" are not acceptable. 

 
F. Parts shall be completely identified with a numerical system to facilitate parts inventory 

control and stocking.  Each part shall be properly identified by a separate number.  Those 
parts which are identical for more than one size, shall have the same parts number. 

 
1.07 SERVICES OF MANUFACTURER'S REPRESENTATIVE 
 

A. The Design/Builder shall provide the services of a qualified manufacturer's technical 
representative who shall adequately supervise the installation and testing of all equipment 
furnished under this Contract and instruct the Design/Builder's personnel and the Owner's 
operating personnel in its maintenance and operation as outlined in the General Conditions, 
Division 1, and Section 11000, Equipment - General Provisions.  The services of the 
manufacturer's representative shall be provided for a period of not less than as follows: 

 
1. One trip of two (2) working days during installation and start-up/configuration of the 

equipment. 
 

2. One trip of two (2) working days during acceptance of the equipment. 
 
1.08 IDENTIFICATION 
 

A. Each VFD shall be identified by the circuit number and equipment name as indicated on the 
Drawings.  A nameplate shall be securely affixed in a conspicuous place on each VFD.  
Nameplates shall be as specified in Section 16195, Electrical - Identification. 

 
1.09 TRAINING 
 

A. The Design/Builder shall provide training for Owner personnel.  Training shall be conducted 
by the manufacturer's factory trained specialists who shall instruct Owner personnel in 
operation and maintenance of all equipment provided under this Section. 

 
B. Provide the services of an experienced, factory trained technician or service engineer of the 

variable frequency drive manufacturer at the jobsite for minimum of 3 days for training of 
Owner personnel, beginning at a date mutually agreeable to the Design/Builder and the 
Owner. The technician shall be on duty at the site for at least 8 hours per day and shall be 
available 24 hours per day when required to advise concerning special problems with 
equipment and systems. 

 
C. Include the training of personnel in the operation and maintenance of each furnished 

variable frequency drive pump control system.  For the purpose of this training section of the 
Specifications, a system is by definition a group of pumps or equipment which all serve a 
common function (e.g. well back pump, plant drain pumps, etc.).  Training shall include at 
least one session for 2 designated employees for each system. 
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1.10 WARRANTY 
 

A. Design/Builder shall warrant that the material and workmanship of all components and the 
operation of the variable frequency drive system and auxiliary equipment is in accordance 
with the latest design practices and meets the requirements of this Specification. 

 
B. Warranty work shall include, but not be limited to, the following: 

 
1. Replace components found to be faulty and make changes in equipment 

arrangement or adjustments necessary to meet the equipment or functional 
requirements or this Specification. 

 
2. Warranty shall include system rewiring and substitution and rebuilt or additional 

equipment required during trial operation or subsequent operation of the unit during 
the period of this warranty. 

 
3. Warranty shall be in effect for a period of 5 years following final acceptance of the 

system. 
 
 
PART 2 -- PRODUCTS 
 
2.01 MANUFACTURERS 
 

A. The equipment covered by this Specification is intended to be standard equipment of proven 
performance.  Equipment shall be designed, constructed, and installed in accordance with 
the best practices of the trade, and shall operate satisfactorily when installed as shown on 
the Drawings. 

 
B. The Design/Builder shall obtain the VFD's from one manufacturer who shall also 

manufacture the enclosure and major equipment components.  VFDs shall be Yaskawa 
(A1000) or Allen Bradley (Powerflex 400/700).  Subcontracting of wiring will not be 
acceptable. 

 
D. Motor control circuits shall be wired in accordance with the requirements specified herein or 

indicated on the Drawings.  Where not indicated, the control circuits shall be standard three-
wire "start-stop" and the Design/Builder shall furnish wiring accordingly. 

 
E. Variable frequency drive manufacturer shall be responsible for the successful application 

and operation of the entire drive and control system serving the motor and driven equipment. 
This includes the responsibility for obtaining all load, torque, speed and performance 
requirements from the respective sources and integrating these into a variable frequency 
drive system that fulfills the requirements of this Specification. 

 
F. The Design/Builder and variable frequency drive system manufacturer are cautioned 

regarding the review and compliance with the total Contract Documents.  Typical examples 
are circuit breakers, motor circuit protectors, magnetic starters, relays, timers, control and 
instrumentation products, pilot devices including pushbuttons, selector switches and pilot 
lights, enclosures, conduit, disconnect switches, terminal boxes, and other equipment.   

 
2.02 PRODUCT REQUIREMENTS 
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A. Variable speed drives shall be adjustable frequency, adjustable voltage, pulse width 

modulated (PWM) design.  The units shall be microprocessor controlled, fully digitally 
programmable, and capable of precise and repeatable speed regulation of three phase 480 
volt AC NEMA Design B induction motors.  Variable frequency drives for other than NEMA 
Design B induction motors (e.g. NEMA Design C) shall be coordinated with the requirements 
of that respective load.  Drive units shall perform continuous self diagnostics as well as load 
and drive self check on startup. 

 
B. Variable frequency drive system shall be suitable for operation as part of a 480 VAC, 3 

phase, 60 Hertz power distribution system.  The complete variable frequency drive system 
shall withstand the mechanical forces exerted during short circuit conditions when connected 
directly to a power source having available fault current of 65,000 amperes symmetrical at 
rated voltage. 

 
C. The variable frequency drive shall consist of a 6 pulse diode semiconductor rectifier system, 

direct current link, and pulse width modulated inverter.  The inverter shall invert the direct 
current voltage into an alternating current voltage at a frequency which shall be proportional 
to the desired speed.  This alternating current voltage and frequency shall both vary 
simultaneously at a constant "Volts-Per-Hertz" ratio to operate the induction motor at the 
desired speed. 

 
D. Variable frequency drive shall operate from fixed frequency power supply and convert this 

input power into variable speed induction motor shaft power as required by this 
Specification. Provide each variable frequency drive with a motor circuit protector as 
indicated on the Drawings which shall be padlockable.  Provide each variable frequency 
drive with 5% line reactors at the input manufactured by MTE Corp.  Include the necessary 
drive controllers and output contactors to accomplish the intended control of the variable 
frequency drive system. 

 
E. Variable frequency drive shall have an automatic restart after restoration of a power 

disruption. 
 

F. Provide an input circuit breaker for short circuit protection (Fuses are not acceptable). 
 

G. The controller electronics shall contain indicators of the following conditions: 
 

1. Undervoltage 
2. Overvoltage 
3. Over temperature 
4. Memory failure 
5. Emergency Stop 
6. Ground fault 
7. Instantaneous overcurrent 

 
H. Each variable frequency drive to be a complete alternating current electric drive system 

including hardware, software, technical data, and spare parts necessary to accomplish 
variable speed operation of an induction motor and load combination in accordance with the 
requirements as indicated on the Drawings and as described in these Specifications.  
Design/Builder shall refer to Section 17900 of the Specifications for a functional control 
description of each variable frequency drive system. 
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I. Variable frequency drive system manufacturer shall be responsible for the design and 

performance of the entire drive system and shall either manufacture all items of equipment 
or supply them using coordinated specifications furnished to the original equipment 
manufacturers to insure compatibility and performance in accordance with this Specification. 
Variable frequency drive manufacturer shall coordinate with suppliers of the drive motors 
and driven equipment.  Motors shall be as specified in Section 15170 and other specific 
equipment Sections of the Specifications. 

 
J. Variable frequency drive system shall be suitable for operation as part of a 480 VAC, 

3-phase, 60 Hertz power distribution system.  The complete variable frequency drive system 
shall withstand the mechanical forces exerted during short circuit conditions when connected 
directly to a power source having available fault current of 65,000 amperes symmetrical at 
rated voltage. 
 

K. The variable frequency drive system shall be suitable to operate, at times, on a limited power 
source engine-generator set.  The system shall be provided with equipment and devices to 
prevent waveform distortion as specified herein. 
 

L. Provide control and sequence logic as specified herein and indicated on the Drawings.  
Control and sequence logic shall be designed such that the motor-load combination can be 
operated in the manual mode upon control and sequence logic failure, including all 
necessary personnel and equipment safety interlocks. 
 

M. Design each variable frequency drive motor drive speed control system so that through 
simple programming by either factory engineers or Owner's trained operating personnel, 
specific control and protection functions can be attained. 

 
2.03 DESIGN REQUIREMENTS 
 

A. Each variable frequency drive system shall meet the requirements of this Specification 
without derating any of the induction motor operating parameters including service factor 
and nameplate horsepower.  The variable frequency drive system manufacturer shall 
specifically identify special requirements or restrictions of the motor-load combination that 
may result from operation on the variable frequency drive system. 

 
B. The variable frequency drive shall consist of a 6 pulse diode semiconductor rectifier system, 

direct current link, and pulse width modulated inverter.  The inverter shall invert the direct 
current voltage into an alternating current voltage at a frequency which shall be proportional 
to the desired speed.  This alternating current voltage and frequency shall both vary 
simultaneously at a constant "Volts-Per-Hertz" ratio to operate the induction motor at the 
desired speed. 

 
C. The drive shall operate the motor and produce full rated nameplate horsepower at the motor 

output shaft without exceeding motor nameplate full load current and with the motor not 
exceeding rated total temperature not including the additional temperature increment that 
constitutes the motor service factor.  Motor shall retain its service factor when operated by 
the variable frequency drive. 

 
D. The overall drive system efficiency shall be a minimum of 95 percent when operating the 

specified motor-load combination at rated voltage, frequency, and current.   
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This efficiency shall be calculated as follows: 

 

Efficiency (%)  = 

Power (Load) 

 x  100 
 

Power (Supply) 

 
E. Power (Load) is the total 3-phase power delivered to the motor, measured at the output 

terminals of the drive system, including output filters or transformers.  Power (Supply) is the 
total electrical power delivered to the drive system, measured at the input terminals of the 
variable frequency drive including input filters, line reactors, isolation transformers, or other 
harmonic distortion suppression equipment.  Include power input required for auxiliary 
equipment (e.g., controls, fans, air conditioning, pumps) for complete system operating in 
this Power (Supply) total. 

 
F. Variable frequency drive shall provide smooth, stepless changes in motor speed and 

acceleration over the entire operating speed range from minimum to maximum speed 
(revolutions per minute).  The variable frequency drive shall be provided with maximum and 
minimum frequency limits. 

 
H. Variable frequency drive system to maintain a desired output frequency (setpoint) with a 

steady state accuracy of 0.5 percent of rated frequency of 60 Hertz for a 24 hour period. 
 

I. Variable frequency drive to have an automatic current limit feature to control motor currents 
during startup and provide a "soft start" torque profile for the motor-load combination.  The 
variable frequency drive shall also limit current due to motor winding or motor lead phase-to-
phase short circuit or phase-to-ground short circuit.  The current limit protection setting shall 
be field adjustable. 

 
Variable frequency drive shall be furnished with programmable electronic overload and 
torque limits. 

 
J. Drive system shall achieve a desired output frequency (setpoint) with a repeatability of 0.1 

percent of rated frequency of 60 Hertz. 
 

K. Drive system to be capable of operating the specified load continuously at any speed within 
the operating speed range of 10 percent to 100 percent of rated speed.  The minimum and 
maximum continuous operating speeds shall each be adjustable within this speed range. 
The variable frequency drive shall provide for field adjustment of these setpoints. 

 
L. Drive system controls to be microprocessor-based and have controlled linear acceleration 

capability to ramp up the speed, revolutions per minute, of the motor-load combination from 
the minimum selected operating speed to the maximum selected operating speed in a 
minimum of 30 seconds.  Provide three (3) field-adjustable speed setpoints for the variable 
frequency drive to skip equipment resonant frequencies.  Provide controlled linear 
deceleration capability.  The acceleration and deceleration time limits shall be field 
adjustable to values up to 120 seconds. 

 
M. Voltage or current unbalance between phases of the variable frequency drive output voltage 

shall not exceed 3 percent of the instantaneous values.  The variable frequency drive 
system shall continuously monitor the output voltages and generate an alarm condition when 
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the unbalance exceeds 3 percent.  The system shall detect and generate a separate alarm 
for loss of any output phase voltage (single phasing).  Phase unbalance shall be as defined 
by NEMA Standard MG-1. 

 
N. Variable frequency drive system to operate continuously without interruption of service or 

damage to equipment during transient input voltage variations of plus or minus 10 percent 
for a duration of 15 cycles.  Unacceptable voltage fluctuations on the supply bus shall cause 
under or overvoltage protection to trip and remove supply voltage from the drive system.  
Variable frequency drive output voltage regulation shall be plus or minus 2 percent.  

 
O. The variable frequency drive system shall be furnished with line surge protection. 
 
P. Variable frequency drives shall be provided with output reactors or filters as indicated on the 

drawings to prevent elevated voltage levels at the motor terminals. 
 
2.04 OPERATING CONDITIONS 
 

A. The following operating conditions are applicable for all equipment of this Specification. 
 

1. Humidity:  0-95 percent.  
 

2. Ambient Temperature:  Minus 10 degrees Celsius to plus 40 degrees Celsius. 
 

3. Altitude:  up to 3,300 feet 
 

4. Power Supply:  480 volts, 3-phase, 60 Hertz. 
 

5. Available Short Circuit Duty:  as specified herein. 
 
2.05 SYSTEM FEATURES AND CHARACTERISTICS 
 

A. Controls and indicators to accomplish operation and maintenance shall be located on the 
variable frequency drive equipment assembly as specified herein and indicated on the 
Drawings.  As a minimum, each VFD shall provide indication of the following:  

 
1. Variable Frequency Drive Mode Indicator:  Red; as required. 

 
2. Bypass Mode Indicator:  Red; as required; 

 
3. Input Voltage 

 
4. Output Voltage 

 
5. Output Current 

 
6. Output Frequency 

 
7. Output Speed:  0-100% 

 
8. Drive Ready Indicator:  Green 
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9. Run Indicator:  Red. 
 
 

10. Running Time Meter. 
 

11. Enclosure Overtemperature. 
 

12. Alarm Indicator:  Amber. 
 

13. Alarm Read-out:  Display. 
 

B. Each VFD shall provide the following automatic and manual controls: 
 

1. Hand-Off-Auto Selector Switch. 
 

2. Start and Stop pushbuttons (as required). 
 

3. VFD - Bypass Selector Switch (as required). 
 

4. Alarm Reset Pushbutton. 
 

5. Alarm auxiliary contacts and other devices as indicated on the Drawings and specified. 
 

6. Provision for a run permissive from other equipment when the drive is in "Auto". 
 

C. Each VFD shall provide "potential-free" output contacts for the following conditions: 
 

1. Drive running. 
 

2. Drive not in "Auto". 
 
3. Drive in fault. 

 
Pilot devices shall be as specified in Section 16902, Electrical Controls and Relays. 

 
D. Variable frequency drive system shall provide a 4-20 mADC output signal that is proportional 

to the drive output frequency for use as speed feedback or control and remote speed 
indication.   

 
E. Variable frequency drive system shall accept a 4-20 mADC input command signal to control 

the output frequency in the automatic and/or manual control modes as specified herein or 
indicated on the Drawings.  The system shall accept the input increase/decrease command 
with a resolution that permits incremental changes in speed, revolutions per minute, equal to 
or less than 0.1 percent of rated speed.  

 
F. When operating in the automatic mode, the variable frequency drive system shall shut down 

during a power outage.  Upon restoration of normal power and after an adjustable time delay 
(0-2 minutes; motor has coasted to zero speed and there is no backspin), the variable 
frequency drive system shall automatically restart and then ramp up to speed as required by 
the control system.  The process operator shall not be required to reset the system manually 
after a shutdown caused by a power outage.   
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G. Variable frequency drive shall be furnished with a multiple attempt restart feature. 

 
H. Furnish a door mounted selector switch or other pilot device for those variable frequency 

drives where an additional speed reference signal (e.g., from a remote potentiometer, an 
analog  output from a setpoint (PID) controller, an analog output from a programmable logic 
controller, or similar analog signal) is to be supplied to the variable frequency drive in 
addition to the door mounted manual speed control. 

 
I. Provide variable frequency drive system with transmitted and received radio interference 

protection.  In addition, provide protection against starting a rotating motor, both directions 
(coasting to zero speed and backspin).  In the event that a motor automatic restart feature 
(catch the motor "on-the-fly") is provided in the drive controller as standard, this feature shall 
be capable of being disabled. 

 
J. Variable frequency drive design shall include on-line diagnostics, with an automatic self-

check feature that will detect a variable frequency drive failure which in turn affects motor 
operation and generates an alarm contact output rated for 125 VDC suitable for interfacing 
with the control system. 

 
1. Diagnostics shall operate a visual alarm indicator that is visible on the variable 

frequency drive equipment cabinets without opening the cabinet doors. 
 

2. Diagnostics shall provide an easily readable output that will isolate a failure. 
 

3. Provide an event and diagnostic recorder to printout in narrative English of the 
specific fault(s) and the sequence in which the faults occurred.  An indication of the 
"First Out" failure is a minimum for fault sequence detection. 

 
4. Provide a normally open dry contact for each alarm function to enable remote 

indication.  A communication port shall be provided for possible future link to the 
plant control system. 

 
2.07 ENCLOSURES 
 

A. Unless otherwise specified or indicated on the Drawings, the variable frequency drive 
enclosures shall be NEMA 12, force ventilated, dead-front, with front accessibility.  Design 
enclosures for both bottom and top entry of cables.  Design variable frequency drive system 
so that rear cabinet access is not required for operations, maintenance, and repair tasks.  
Other enclosure requirements are: 

 
1. Treat metal surfaces and structural parts by phosphatizing prior to painting. 

 
2. Apply a gun-metal gray undercoat to enclosures which is equal to zinc chromate. 

 
3. Finish exterior of the enclosures in ANSI-61 gray enamel or furnish in a color to 

match the complete line-up of equipment as indicated on the Drawings and accepted 
by the Engineer. 

 
4. The doors shall have full length piano type hinges. 
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5. Brace each door to prevent sag when fully open. 
 

B. Furnish each variable frequency drive system with the control switches, alarm lights and 
indicators as specified herein and as indicated on the Drawings.  Furnish main circuit 
breakers with an external operating handle interlocked with the door so that the door cannot 
be opened unless the disconnect is in the OFF position.  Power supply to the motor from 
both the variable frequency drive and the bypass starter shall be capable of being positively 
locked in the OFF position.  The disconnect shall be interlocked so that equipment cannot 
be energized when the door is open. 

 
C. Power and control wiring shall be copper, color coded and identified in accordance with 

these Specifications. 
 

D. Equipment shall be of modular construction allowing normal maintenance and repair to be 
done with ordinary hand tools.  Design and install power electronic component assemblies 
so that, where practicable, components can be individually removed and replaced. 

 
2.09 BYPASS STARTERS 
 

A. Variable frequency drive manufacturer shall furnish and the Design/Builder shall install motor 
starters for bypass operation and associated accessories as specified herein and as 
indicated on the Drawings.   

 
B. Provide bypass starters with full capacity rated contactors, each interlocked with the 

contactors of the variable frequency drive. 
 

C. Where a bypass starter is to be furnished and installed in conjunction with a variable 
frequency drive as part of a motor control system, the variable frequency drive and the 
bypass starter equipment shall be designed and manufactured to allow qualified plant 
personnel to safely test, maintain, and work on the VFD or the bypass starter while the motor 
is running.  That is, plant personnel should be able to safely work on the bypass starter while 
the load is running via the VFD and safely work on the VFD while the load is running via the 
bypass starter. 

 
 
PART 3 -- EXECUTION 
 
3.01 INSTALLATION 
 

A. The VFD's shall be installed as shown on the Drawings and in accordance with the 
manufacturer's installation instructions. 

 
B. Install VFD's to allow complete door swing required for component removal.  This is 

specifically required where a VFD is set in the corner of a room. 
 

C. Include in the bid an allowance for factory-trained service personnel, other than sales 
representatives, to supervise field installation, inspect, make final adjustments and 
operational checks, make functional checks of spare parts, and prepare a final report for 
record purposes.  Adjust control and instrument equipment until this equipment has been 
field tested by the Design/Builder and the results of these tests have been accepted by the 
Engineer. 
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3.02 PAINTING 
 

A. All metal surfaces of the motor control equipment shall be thoroughly cleaned and given one 
prime coat of zinc chromate primer.  All interior surfaces shall then be given one shop 
furnished coat of a lacquer of the nitro-cellulose enamel variety.  All exterior surfaces shall 
be given three coats of the same lacquer.  The color of finishing coats shall be as approved 
by the Engineer.  Color chips shall be forwarded to the Engineer for color selection and 
approval prior to finish painting.  The interior of the VFD enclosure shall be painted white. 

 
B. Prior to final completion of the work, all metal surfaces of the equipment shall be cleaned 

thoroughly, and all scratches and abrasions shall be retouched with the same coating as 
used for factory finishing coats. 

 
3.03 RUBBER MATS 
 

A. A three foot wide rubber mat shall be furnished and installed on the floor and in front of each 
VFD assembly.  The mat shall be long enough to cover the full length of each VFD system. 
The mat shall be 1/4 inch thick with beveled edges, canvas back, solid type with 
corrugations running the entire length of the mat.  The mat shall be guaranteed extra quality, 
free from cracks, blow holes or other defects detrimental to their mechanical or electrical 
strength.  The mat shall meet OSHA requirements and the requirements of ANSI/ASTM D-
178 J6-7 for Type 2, Class 2 insulating matting. 

 
 
 

- END OF SECTION - 
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SECTION 16500 
 

LIGHTING 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish and install all lighting fixtures, labor, and material, in 
accordance with the preceding Specifications, the requirements of this Section, and as 
shown on the Drawings. 

 
B. Lighting shall be in accordance with the latest requirements of the Illuminating Engineering 

Society, and all lighting fixtures shall have the Underwriters Laboratories, Inc. label of 
approval. 

 
C. All wiring shall be placed in conduit and shall comply with the Specifications for conduit, 

outlet boxes, pull and junction boxes, wires and cables, grounding, and other Sections as 
set forth in these Specifications and as noted herein. 

 
D. Reference Section 16000, Basic Electrical Requirements, and Section 16170, Grounding 

and Bonding. 
 
1.02 CODES AND STANDARDS 
 

A. The equipment specified herein shall comply with the following codes and standards, 
where applicable. 

 
1. Underwriter’s Laboratories, Inc. (UL): 
 

a. UL 924 – Emergency Lighting and Power Equipment 
 
b. UL 935 – Fluorescent Lamp Ballasts 
 
c. UL 844 – Luminaires for Use in Hazardous (Classified) Locations 
 
d. UL 1029 – High Intensity Discharge Lamp Ballasts 
 
e. UL 1598 – Luminaires 

 
2. American National Standards Institute (ANSI): 
 

a. ANSI C82.11 – High Frequency Fluorescent Lamp Ballasts 
 
b. ANSI C62.41 – Guide for Surge Voltages in Low-Voltage AC Power Circuits 

 
3. National Electrical Code (NEC), latest edition. 

 

3
2

4
1
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1.03 SUBMITTALS 
 

A. In accordance with the procedures and requirements set forth in the General Conditions 
and Section 01 33 00 – Submittal Procedures, the Design/Builder shall obtain from the 
equipment manufacturer and submit the following: 

 
1. Shop Drawings 

 
2. Operation and Maintenance Manuals 
 
3. Spare Parts Lists 

 
B. Each submittal shall be identified by the applicable specification section. 

 
1.04 SHOP DRAWINGS 
 

A. Each submittal shall be complete in all respects, incorporating all information and data 
listed herein and all additional information required for evaluation of the proposed 
equipment's compliance with the Contract Documents. 

 
B. Partial, incomplete or illegible submittals will be returned to the Design/Builder for 

resubmittal without review. 
 

C. Shop drawings shall include but not be limited to: 
 

1. Product data sheets. 
 
2. Catalog cuts for each fixture type showing performance and construction details of 

standard fixtures, and complete working drawings showing all proposed 
construction details of special or modified standard fixtures.   

 
3. Photometric curves. 
 
4. Lamp and LED data including efficiency (Efficacy lumens/watt) information. 
 
5. Ballast and LED Driver information 
 
6. Catalog data including applicable coefficients of utilization tables, isolux chart of 

illumination on a horizontal plane, beam efficiency, horizontal and vertical beam 
spread, and beam lumens.   

 
7. Manufacturer’s warranty information 
 
8. Custom wiring diagrams for each individual lighting contactor.  Standard wiring 

diagrams that are not custom created by the manufacturer for the individual lighting 
contactors for this project are not acceptable.  One wiring diagram which is typical 
for all lighting contactors is not acceptable.  Each wiring diagram shall include wire 
identification and terminal numbers.  Indicate all devices, regardless of their 
physical location, on the diagrams. Identify on each respective wiring diagram 
specific equipment names and equipment numbers consistent with those indicated 
on the Drawings. 
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9. System (entire fixture assembly) efficiency data. 
 

D. Shop drawings shall be submitted to the Engineer for review and acceptance for all fixtures 
before fixtures and poles are manufactured.  Substitutions will be permitted only if 
acceptable to the Engineer. 

 
E. Manufacturer's catalog number and description in the fixture schedule on the Contract 

Documents establishes a level of quality, style, finish, etc.  The use of a catalog number 
describing the various types of fixtures shall be used as a guide only, and does not exclude 
all the required accessories or hardware that may be required for a complete installation. 

 
1.05 OPERATION AND MAINTENANCE MANUALS 
 

A. The Design/Builder shall submit Operation and Maintenance Manuals in accordance with 
the procedures and requirements set forth in the General Conditions and Division 1. 

 
1.06 SPARE PARTS 
 

A. All spare parts as recommended by the equipment manufacturer shall be furnished to the 
Owner by the Design/Builder.  The following minimum spare parts shall be furnished: 

 
1. A minimum of one (1) ballast for every ten (10) ballasts (of the same model) 

installed. 
 
2. A minimum of one (1) LED driver for every ten (10) drivers (of the same type) 

installed. 
 

B. The spare parts shall be packed in containers suitable for long term storage, bearing labels 
clearly designating the contents and the pieces of equipment for which they are intended. 

 
C. Spare parts shall be delivered at the same time as the equipment to which they pertain.  

The Design/Builder shall properly store and safeguard such spare parts until completion 
of the work, at which time they shall be delivered to the Owner. 

 
D. Spare parts lists, included with the shop drawing submittal, shall indicate specific sizes, 

quantities, and part numbers of the items to be furnished.  Terms such as "1 lot of packing 
material" are not acceptable. 

 
E. Parts shall be completely identified with a numerical system to facilitate parts inventory 

control and stocking.  Each part shall be properly identified by a separate number.  Those 
parts which are identical for more than one size, shall have the same parts number. 

 
1.07 LIGHTING CONTROLS 
 

A. The lighting systems shall be controlled as specified herein and indicated on the Drawings. 
 

B. Lighting contactors shall be furnished and installed for specific lighting control applications 
as specified herein and indicated on the Drawings. 
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1.08 WARRANTY 
 

A. The manufacturer's warranty shall in no event be for a period of less than five (5) years 
from date of delivery of fixtures to the project site and shall include repair labor, travel 
expense necessary for repairs at the jobsite, shipping costs, expendables used during the 
course of repair, or complete replacement of the failed lighting unit.   
 

B. Warranty for LED fixtures shall be provided for the entire fixture and shall include all parts 
and accessories.  Warranty for non-LED fixtures shall be provided for the entire fixture 
and shall include all parts and accessories except the replaceable bulb.  Submittals 
received without written warranties as specified shall be rejected in their entirety. 
 

 
 
PART 2 -- PRODUCTS 
 
2.01 MANUFACTURERS 
 

A. The equipment covered by this Specification is intended to be standard equipment of 
proven performance as manufactured by reputable concerns.  Equipment shall be 
designed, constructed, and installed in accordance with the best practices of the trade, 
and shall operate satisfactorily when installed as shown on the Drawings. 

 
2.02 FIXTURES 
 

A. Each fixture shall bear the Underwriters Laboratories, Inc. label.  All lighting fixtures shall 
be furnished complete with lamps of the size and type as indicated on the Drawings and 
all fittings and hardware necessary for a complete installation.  Lighting fixtures shall have 
all parts and fittings necessary to completely and properly install the fixtures.   

 
B. Fixture leads shall be as required by NEC and shall be grounded by the equipment 

grounding conductor in the conduit. 
 

C. All glassware shall be high quality, homogeneous in texture, uniform in quality, free from 
defects, of uniform thickness throughout, and properly annealed.  Edges shall be well 
rounded and free from chips or rough edges. 

 
D. HID fixture housings shall be finished with a seven-stage phosphate pretreatment and 

thermal-set, electrostatically applied polyester paint. Color shall be as indicated in the 
fixture schedule or as selected by the Engineer. 

 
E. Indoor metal halide fixtures shown in non-hazardous locations shall be furnished with a 

tungsten/halogen lamp and time delay relay as specified in the fixture schedule or 
indicated on the Drawings. For hazardous locations where this feature is not available, 
emergency fixtures shall be provided with a time delay feature. 

 
F. Emergency fixtures shall be UL 924 listed and have a minimum 90 minutes battery back-

up. 
 
G. Fixtures for use in hazardous locations shall be UL 844 Listed. 
 
H. Fixtures specified to be damp or wet locations rated shall be UL 1598 listed. 
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I. Fixtures shall be as specified in the fixture schedule below. 

 

FIXTURE 

TYPE 

LAMP/ 
FIXTURE 

WATTAGE DESCRIPTION 
MFR AND 
MODEL 

EW1 LED 

7.5W 

 

Wall mounted, emergency fixture, 120-
277 VAC with 6 or 12 VDC nickel cadmium 
battery, gray corrosion and impact resistant 
thermoplastic housing, time delay shutoff, 
surge and brown-out protection, and low 
voltage battery cut-off.  Battery shall be 
suitable for 90 minutes. Two 1.9W LED lamp 
heads, wet location Listed. 

Holophane 
Desoto DM30 WL 
LED or Engineer 
Approved Equal. 

EW3 LED  

10.8W 

Wall mounted emergency fixture.  Wet 
location Listed, 120 VAC, partial lens, 
completely self-contained battery back-up 
for emergency only.  Black die cast 
aluminum housing, with a clear prismatic 
lens.  Battery shall be sealed nickel 
cadmium, with solid state battery charger, 
provide 90 minutes illumination time. 

Holophane 
Cortez CZA9A 
Series or 
Engineer 
Approved Equal. 

XW1 1.5W Wall-mounted, red LED exit sign, 120-
277VAC, brushed aluminum faceplate, die 
cast aluminum housing, single/double face 
as indicated on the drawings, nickel 
cadmium battery with self-diagnostics, 
brownout and surge protected, damp 
location Listed. 

Holophane 
Magellan MEX 
Series or 
Engineer 
Approved Equal. 

XW2 5W Wall-mounted, red LED exit sign, 
120/277VAC, white die cast aluminum 
housing, gasketed impact resistant 
polycarbonate cover, brushed aluminum 
stencil with field-selectable chevrons, 
single/double face as indicated on the 
drawings, nickel cadmium battery with self-
diagnostics, low voltage battery disconnect, 
brownout and surge protected, wet location 
Listed. 

Holophane 
DeLeon DLTLX 
Series or 
Engineer 
Approved Equal. 
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FIXTURE 

TYPE 

LAMP/ 
FIXTURE 

WATTAGE DESCRIPTION 
MFR AND 
MODEL 

LC1 61W  
(max) 

Ceiling-mounted, 120-277VAC, LED light 
fixture, color temperature of 4100K, lineal 
ribbed frosted acrylic lens, spread 
distribution, gasketed fiberglass housing, 
stainless steel latches, 4ft, 4000 lumen 
minimum, and wet location Listed. 

Holophane 
EMS LED 
Series, Cooper 
Vaportite LED 
Series, or 
Lithonia FEM 
LED Series. 

LP5a 200W 
(max) 

Pendant-mounted, 120-277VAC, LED light 
fixture, color temperature of 4000K, prismatic 
borosilicate glass lens, wide distribution, 
white cast aluminum housing, 24,000 lumen 
minimum, and damp location Listed.  

Holophane 
Phuzion PHZ 
Series, or 
Engineer 
Approved 
Equal. 

LP5b 155W 
(max) 

Pendant-mounted, 120-277VAC, LED light 
fixture, color temperature of 4000K, prismatic 
borosilicate glass lens, wide distribution, 
white cast aluminum housing, 18,000 lumen 
minimum, and damp location Listed.  

Holophane 
Phuzion PHZ 
Series, or 
Engineer 
Approved 
Equal. 

LP7 80W  
(max) 

Pendant-mounted, 120VAC, LED light 

fixture, color temperature of 4000K, 8 in. 

diameter x 30 in. tall, 30 in. cable, cylindrical 

button, 4700 lumen (pendant), 1917 lumen 

(downlight). 

Beta Calco 
Cylindra Series 
42 1000 or 
Engineer 
Approved 
Equal. 

LR1 47W 
(max) 

Recessed troffer, 2 ft. x 4ft. LED light fixture, 

4000K color temperature, 120 VAC, cold 

rolled steel, pre-painted housing, acrylic 

linear prismatic diffuser. 4800 lumen. 
 

Lithonia VTL 
Series, or 
Engineer 
Approved 
Equal. 

LR2 40W 
(max) 

Recessed troffer, 2 ft. x 2ft. LED light fixture, 

4000K color temperature, 120 VAC, cold 

rolled steel, pre-painted housing, acrylic 

linear prismatic diffuser. 4800 lumen. 
 

Lithonia VTL 
Series, or 
Engineer 
Approved 
Equal. 

LR3 32W 
(max) 

Recessed troffer, 2 ft. x 4ft. LED light fixture, 

4000K color temperature, 120 VAC, cold 

rolled steel, pre-painted housing, acrylic 

linear prismatic diffuser.  3000 lumen. 
 

Lithonia VTL 
Series, or 
Engineer 
Approved 
Equal. 

LR4 22W 
(max) 

Recessed troffer, 2 ft. x 2ft. LED light fixture, 

4000K color temperature, 120 VAC, cold 

rolled steel, pre-painted housing, acrylic 

linear prismatic diffuser.  2000 lumen. 
 

Lithonia VTL 
Series, or 
Engineer 
Approved 
Equal. 
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FIXTURE 
TYPE 

LAMP/ 
FIXTURE 

WATTAGE 

DESCRIPTION MFR AND 
MODEL 

LR5 20W 
(max) 

Recessed troffer, 1 ft. x 4ft. LED light fixture, 

4000K color temperature, 120 VAC, cold 

rolled steel, pre-painted housing, acrylic 

linear prismatic diffuser. 2000 lumen. 
 

Lithonia VTL 
Series, or 
Engineer 
Approved 
Equal. 

LR6 47W 
(max) 

Recessed troffer, 1 ft. x 2ft. LED light fixture, 

4000K color temperature, 120 VAC, cold 

rolled steel, pre-painted housing, acrylic 

linear prismatic diffuser. 2000 lumen. 
 

Lithonia VTL 
Series, or 
Engineer 
Approved 
Equal. 

LR7 36W 
(max) 

Recessed can light, 6 in. round. LED light 

fixture, 4000K color temperature, 120 VAC, 

downlight, white trim, semi-specular finish. 

2000 lumen. 
 

Lithonia LDN6 
Series, or 
Engineer 
Approved 
Equal. 

LR8 13W 
(max) 

Recessed can light, 6 in. round. LED light 

fixture, 4000K color temperature, 120 VAC, 

downlight, white trim, semi-specular finish. 

600 lumen. 
 

Lithonia LDN6 
Series, or 
Engineer 
Approved 
Equal. 

LR9 17W 
(max) 

Recessed can light, 6 in. round. LED light 

fixture, 4000K color temperature, 120 VAC, 

downlight, white trim. 950 lumen minimum 

and wet location Listed. 
 

Lithonia 
L7XLED T24 
Series, or 
Engineer 
Approved 
Equal. 

LW1 104W  
(max) 

Wall-mounted, 120-277VAC, LED light 
fixture, color temperature of 4000K, prismatic 
borosilicate glass lens, 30 LEDs, IESNA 
Type III medium distribution, black die-cast 
aluminum housing, 1000mA driver, 7000 
lumen minimum and wet location Listed. 

Holophane 
W4G LED or 
Engineer 
Approved 
Equal. 

LW6 15W  
(max) 

Wall-mounted, 120VAC, LED light fixture, 
color temperature of 4000K, grey finish, UL 
listed for wet locations, guarded, 1100 
Lumens. 

Lithonia OLVT 
Series or 
Engineer 
Approved 
Equal. 

LW7 20W  
(max) 

Wall-mounted, 120VAC, LED light fixture, 
color temperature of 4000K, Cylindrical 
button, 1100 Lumens. 

Beta Calco 
Cylindra Series 
41 8100 or 
Engineer 
Approved 
Equal. 
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FIXTURE 
TYPE 

LAMP/ 
FIXTURE 

WATTAGE 

DESCRIPTION MFR AND 
MODEL 

LL1 50W  
(max) 

Pole-mounted, 120-277VAC, LED light 
fixture, color temperature of 4000K, prismatic 
borosilicate glass lens, IESNA Type 5 low 
angle distribution, corrosion-resistant white 
cast aluminum housing, 5000 lumen 
minimum, integral photocell, and wet location 
Listed. 
 
Round, white, base mounted, straight, 10ft. 
painted steel pole. 

Holophane 
Petrolux PLED2 
Series, Crouse-
Hinds PMV 
Series, or GE 
H2 Series. 

 
 
2.03 LED DRIVERS 
 

A. Drivers shall have a voltage range of (120-277) +/- 10% at a frequency 60Hz. 
 
B. All drivers shall be designed to a power factor >90% with a total harmonic distortion THD 

<20% at full load. 
 
C. Case temperature shall be rated for -40°C through +80°C. 
 
D. Drivers shall have overheat protection, self-limited short circuit protection and overload 

protected. 
 
E. Drivers shall be furnished with a fused primary. 
 
F. Drivers shall have an output current ripple <30% 
 
G. Drivers shall be manufactured by Advance, Universal or equal.  
 
H. Drivers shall be UL Listed for damp location, UL1012, UL935, ROHS. 
 
I. Drivers shall meet FCC 47 Sub Part 15. 

 
J. All drivers shall be provided with ANSI/IEEE C62.41 Category C (10kV/5kA) surge 

protection. 
 
2.04 LEDs 
 

A. Luminaires provided with LED technology shall utilize high brightness LEDs with a group 
binning code of P and/or Q. 

 
B. Color Temperature: as specified in fixture schedule. 

 
C. Junction point shall be designed and manufactured to allow adequate heat dissipation. 

 
D. LEDs shall be rated for 50,000 hours of life, minimum (based on IESNA L70). 
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2.05 LIGHTING CONTROLS 
 

A. Lighting contactors shall be as manufactured by Eaton, the Square D Company, General 
Electric Company, or Siemens Energy and Automation, Inc.  Lighting contactors shall be 
heavy duty industrial type with 30A minimum rating and shall have the number of contacts 
required.  Contactor ampere rating shall be increased as required to suit the application.  
Contactor coil voltage shall be as indicated on the Drawings.  Contactors shall be the 
electrically or mechanically held type as indicated on the Drawings.  Contactors shall 
include fused integral control power transformers.  Any auxiliary relays, or other devices 
required for proper operation shall be included. 

 
B. Lighting contactors shall be furnished with the following enclosure type and material of 

construction, dependent upon the designation of the area in which they are to be installed.  
Area designations are indicated on the Drawings. 

 

AREA DESIGNATION ENCLOSURE TYPE AND MATERIAL 

Indoor Wet Process Area NEMA 4X, Type 304 Stainless Steel 

Indoor Dry Process Area NEMA 12, Painted Steel 

Indoor Dry Non-process Area NEMA 1, Painted Steel 

Indoor Type 1 Chemical Storage/Transfer 
Area 

NEMA 4X, Fiberglass 

Indoor Type 2 Chemical Storage/Transfer 
Area 

NEMA 4X, Type 304 Stainless Steel 

All Outdoor Areas NEMA 4X, Type 304 Stainless Steel 

 
C. Photocells shown on the Drawings that are not integral to a fixture provided by the (lighting 

manufacturer) shall be provided by the Design/Builder.  Photocells shall be rated for 120 
VAC, 2000W, and be provided with 1/2” or 3/4” threads for box mounting.  Photocells shall 
be Model 2101 by Tork, or equal. 

 
 
PART 3 -- EXECUTION 
 
3.01 INSTALLATION 
 

A. Lighting fixtures shall be located symmetrically with building lines as shown on the 
Drawings. The Design/Builder shall furnish and install the lighting fixtures to allow 
"convenient" access for maintenance such as cleaning, relamping, and other activities.  
The fixtures shall be installed to be accessed by a 12 ft. (max.) ladder.  Where fixtures are 
shown in locations on the Drawings where maintenance would be difficult, the 
Design/Builder shall notify the Engineer for direction. 

 
B. The Design/Builder shall provide and install all inserts, conduit, structural supports as 

required, lamps, ballasts, poles, wiring, and any other items required for a complete 
system.  Design/Builder shall properly adjust and test, to the satisfaction of the Engineer, 
the entire lighting system.  The Design/Builder shall provide pigtails and flexible conduit 
connected to an outlet box where necessary or required resulting in a neat and complete 
installation. 

 
C. The Design/Builder shall furnish and install all pendant trapezes and pendant stem 

hangers with durable swivel or equivalent trapeze hanger permitting normal fixture motion 
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and self-alignment.  Fixture pendants shall be Appleton Type UNJ ball type flexible hanger 
at the fixture and supports from an Appleton JBLX junction box with JBLX hub cover, or 
equal.  Pendant lengths shall be adequate and adjusted to provide uniformity of installation 
heights above the reference datum.  Stems shall be one-piece, with matching canopies 
and fittings.  

 
D. Fixtures located on the exterior of the building shall be provided with neoprene gasket and 

non-ferrous metal screws finished to match the fixtures.   
 

E. The finish or exposed metal parts of lighting fixtures and finish trims of all recessed lighting 
fixtures shall be as directed by the Engineer. 

 
F. The Design/Builder shall furnish and install recessed fixtures with a separate junction box 

concealed and located as to be accessible when fixture is removed. 
 

G. The Design/Builder shall furnish and install all boxes for lighting fixtures such that the box 
is not the sole support of the fixture.  The boxes shall be offset to allow maintenance such 
that access to wiring within the box can be attained without having to consider supporting 
(holding) the fixture. 

 
H. All lighting units, when installed, shall be set true and be free of light leaks, warps, dents, 

and other irregularities.  All hangers, cables, supports, channels, and brackets of all kinds 
for safely erecting this equipment in place, shall be furnished and erected in place by the 
Design/Builder. 

 
H. The Design/Builder shall install fixtures at mounting heights indicated on the Drawings or 

as instructed by the Engineer.  In areas with exposed ducts and/or piping, installation of 
lighting fixtures shall be adapted to field conditions as determined by the Engineer. 

 
J. The Design/Builder shall support each fixture securely.  Each fluorescent fixture shall be 

secured to the building structure.  The Design/Builder shall not secure fixtures to the work 
of other trades, unless specified or noted otherwise, and shall not support fixtures from 
plaster.  The Design/Builder shall furnish and install all steel members and supports as 
required to fasten and suspend fixtures from the structure. 

 
K. In all mechanical equipment areas, the Design/Builder shall install lighting fixtures on the 

ceiling after all piping and equipment therein has been installed.  Exact locations for such 
fixtures may be determined by the Engineer on the site during the course of the work. 

 
L. Upon completion of work, and after the building area is broom clean, all fixtures shall be 

made clean and free of dust and all other foreign matter both on visible surfaces, and on 
surfaces that affect the lighting performance of the fixture including diffusers, lenses, 
louvers, reflectors, and lamps. 

 
M. All fixtures that require physical adjustment shall be so adjusted in accordance with the 

directions of the Engineer.  The Design/Builder shall also adjust angular direction of 
fixtures and/or lamps, as directed. 
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N. Relamping access of fixtures including LED fixtures shall require no special tools.  All 
optical control surfaces such as lenses and reflectors shall be safely and securely 
attached to fixtures and shall be easily and quickly removed and replaced for cleaning 
without the use of special tools.  No fixture part that may be removed, for maintenance, 
shall be held in place by metal tabs that must be bent to remove said part. 

 
O. The Design/Builder shall furnish and install time switches and photocells as specified 

herein or indicated on the Drawings.  Time switches shall be provided with a manual 
bypass switch controlling the lights locally and remotely.  Time switches shall control 
contactors, relays, or direct controlling of one, two, or three lighting circuits, as indicated.  
The Design/Builder shall furnish and install photocells as specified herein or indicated on 
the Drawings for automatic "ON/OFF" switching of outdoor lighting. 

 
P. Lighting contactors shall be provided in the enclosure type and material of construction 

required for the area in which it is installed.  Reference the requirements in Part 2 herein, 
and the area designations indicated on the Drawings. 

 
Q. One (1), ¾” diameter, 10’-0” long ground rod, furnish in accordance with Section 16170, 

shall be driven adjacent to each pole.  The pole, anchor bolts, steel reinforcement bar in 
the base, and equipment grounding conductor shall all be bonded to the ground rod as 
indicated in the standard details. 

 
3.02 TESTING 
 

A. All tests shall be performed in accordance with the requirements of the General Conditions 
and Division 1.  The following tests are required: 

 
1. Certified Shop Tests 

 
a. The lighting fixtures shall be given routine factory tests in accordance with 

the requirement of ANSI, NEMA and Underwriters Laboratories standards. 
 

2. Field Tests 
 

a. Field testing shall be done in accordance with the requirements specified 
in the General Conditions, Division 1, and NETA Acceptance Testing 
Specifications, latest edition. 

 
 
 

- END OF SECTION - 
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SECTION 16670 
 

LIGHTNING PROTECTION SYSTEMS 
 
 
 
PART 1 – GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder  shall furnish, install, test, and place in satisfactory operation a complete 
lightning protection system as specified herein.  This is a performance specification.  The 
Drawings do not show a complete lightning protection system design. The Design/Builder 
shall retain the services of a firm specializing in the design, installation, and testing of 
lightning protection systems. 

 
1.02 CODES AND STANDARDS 
 

A. The system shall comply with the following codes and standards: 
 

1. Underwriters Laboratories, Inc. (U.L.): 
 

a. U.L. 96 - Lightning System Components 
 

b. U.L. 96A - Installation Requirements for Lightning Protection Systems 
 
c. U.L. 467 – Grounding and Bonding Equipment 

 
2. National Fire Protection Association (NFPA): 

 
a. ANSI/NFPA 780 - Lightning Protection Code 

 
3. Lightning Protection Institute (LPI): 

 
a. LPI-175 - Standard of Practice 

 
1.03 SUBMITTALS 
 

A. In accordance with the procedures and requirements set forth in the General Conditions and 
Section 01 33 00 – Submittal Procedures, the Design/Builder shall obtain from the 
equipment manufacturer and submit the following: 

 
1. Shop Drawings 

 
2. Operation and Maintenance Manuals 

 
3. Spare Parts List 

 
4. Test Reports 
 
5. UL Master Label Certification 

0
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1.04 SHOP DRAWINGS 
 

A. Each submittal shall be complete in all respects, incorporating all information and data listed 
herein and all additional information required for evaluation of the proposed equipment's 
compliance with the Contract Documents. 

 
B. Shop drawings for each lightning protection system shall include, but not be limited to: 

 
1. Product data sheets. 

 
2. Complete U.L. approved, full size layout and installation drawings/details with clearly 

marked dimensions.  Drawings shall indicate the exact location of all system 
components.  Drawings shall be signed by a full-time employee of the lightning 
protection system manufacturer who is in responsible charge of this project and has 
been engaged in the business for at least ten (10) years.   

 
3. Weights of major all components. 

 
4. Bill of material list for each lightning protection system. 

 
5. Manufacturer's installation instructions. 

 
6. Manufacturer's and installer's standard warranty. 
 
7. Evidence of the designer/installers UL listing. 

 
1.05 OPERATIONS AND MAINTENANCE MANUALS 
 

A. The Design/Builder shall submit operation and maintenance manuals in accordance with the 
procedures and requirements set forth in the General Conditions and Division 1.  The 
manuals shall include: 

 
1. Instruction books and/or leaflets. 

 
2. Recommended spare parts list. 

 
3. Final as-built construction drawings included in the shop drawings incorporating all 

changes made during the installation.  
 
4. All other information that was included in the shop drawing submittal. 
 

1.06 SPARE PARTS 
 

A. The lightning protection system shall be furnished with all spare parts as recommended by 
the equipment manufacturer. 

   
In addition to the manufacturer recommended spare parts, the Design/Builder shall furnish 
the following minimum spare parts for each structure provided with a lightning protection 
system under this Contract:   
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No. Required Descriptions 

2 Air Terminals 

2 Point Tip Protectors 

 
B. The spare parts shall be packed in containers suitable for long term storage, bearing labels 

clearly designating the contents and the pieces of equipment for which they are intended. 
 

C. Spare parts shall be delivered at the same time as the equipment to which they pertain.  The 
Design/Builder shall properly store and safeguard such spare parts until completion of the 
Work, at which time they shall be delivered to the Owner. 

 
D. Spare parts lists, included with the shop drawing submittal shall indicate specific sizes, 

quantities, and part numbers of the items to be furnished.  Terms such as "1 lot of packing 
material" are not acceptable. 

 
E. Parts shall be completely identified with a numerical system to facilitate parts inventory 

control and stocking.  Each part shall be properly identified by a separate number.  Those 
parts which are identical for more than one size, shall have the same part number. 

 
 
PART 2 -- PRODUCTS 
 
2.01 MANUFACTURERS 
 

A. The lightning protection systems covered by this Specification shall be furnished using 
standard components of proven performance as manufactured by reputable concerns.  The 
systems shall be designed, constructed and installed in accordance with the best practices 
of the trade, and shall operate satisfactorily when installed. 

 
B. The lightning protection systems shall be furnished and installed by A-C Lightning Security, 

Inc., Thompson Lightning Protection, Inc, Lightning Elimination and Consultants, Modern 
Lightning Protection Company, Inc. or approved equal. 

 
C. System designer/supplier qualifications shall be as follows: 

 
1. System components shall be manufactured by a company specializing in lightning 

protection equipment with a minimum of 5 years documented experience.  Company 
shall be listed in the Section entitled "Lightning Conductor, Air Terminals and 
Fittings" of the U.L. "Electrical Construction Materials Directory" for at least 5 years 
previous to this Contract's bid opening date. 

 
2. The system designer/installer shall be an authorized installer of manufacturer with a 

minimum of 5 years of documented experience.  Designer/Installer shall be listed in 
the section entitled "Lightning Protection Installation" of the U.L. "Electrical 
Construction Materials Directory" for at least 5 years previous to this Contract's 
award date. 

 
2.02 LIGHTNING PROTECTION SYSTEMS 
 

A. General 
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1. All components and parts of the lightning protection system shall be as specified 

herein.  The materials used shall meet or exceed the material specification 
requirements of the Underwriters Laboratories, Inc.  All materials shall be marked 
with a UL label or stamp. 

 
2. The complete lightning protection system shall be inspected and included in the 

Master Label certification. 
 

B. Conductors 
 

1. Conductors shall be aluminum cable, consisting of a minimum of 24 strands of 
No. 14 AWG aluminum wire.  Copper conductors shall be furnished and installed 
only where required and when in contact with the earth.  Where termination of 
copper conductors is required to aluminum parts, suitable bi-metallic connectors 
approved for the purpose shall be furnished and installed. 

 
C. Fittings 

 
1. Fittings shall be the bolted type with stainless steel bolts, nuts, and washers.  Fittings 

shall be of cast metal construction specifically designed for the application.  Crimp-
type fittings are not acceptable.  Bi-metallic type fittings shall be furnished where 
required. 

 
D. Fasteners 

 
1. Fasteners shall be manufactured from non-corrosive material of ample strength and 

rigidity for the application. 
 

E. Bases 
 
1. Bases shall be bolted style provided with the model to suit the application (i.e. 

parapet, standing seam, etc.).  Bolts, nuts, and washers shall be made of stainless 
steel.  Bases shall be of aluminum or bronze construction, compatible with the 
material of the surface to which it is attached.  Crimp-type bases are not acceptable. 

 
F. Ground Rods 

 
1. Ground rods shall be 3/4-inch by 10-foot 0-inch sectional type copper-clad steel 

rods; as specified in Section 16170, Grounding and Bonding; quantity as required.  
Ground rods and all associated hardware shall be UL 467 listed. 

G. Air Terminals 
 

1. Air terminals shall be solid aluminum.  Air terminals shall be tapered or blunt tip type 
to suit the application and furnished with air terminal bases and safety tips (ball or 
bullet type) for impalement protection. 

 
H. Thru-Roof Hardware 
 

1. Thru-roof penetrations shall have stainless steel nuts, bolts, and washers.  Sealing 
washers and sealing boots shall be provided as required and shall be compatible 
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with the roofing material.  Conductor connections to this roof hardware shall be by 
bolted connection.  Crimp type connections are not acceptable. 

 
 
PART 3 -- EXECUTION 
 
3.01 INSTALLATION 
 

A. The lightning protection system shall be furnished and installed in accordance with the 
manufacturer's installation instructions.  One (1) copy of these instructions shall be included 
with the system components at time of shipment.  The system components shall be suitably 
protected until accepted by the Owner. 

 

B. The equipment shall be installed in accordance with the manufacturer's recommendations.  
This shall include, but not be limited to the following: 

 

1. Course all main down conductors to maintain a downward or horizontal run free of 
pockets or sags.  Maintain an eight-inch (8") minimum radius and make no bend 
greater than 90 degrees.  Follow the most direct route with inductance bonding 
conductors maintaining the horizontal or downward course of the main conductor. 
Interconnect roof conductors to provide at least two paths to ground from each 
terminal and to form closed loops.  Follow the most direct path possible with down 
conductors between roof conductors and ground terminals.  All down conductors for 
new occupiable buildings shall be placed in a concealed manner.   

 
2. Install ground connections at no less than 60-foot intervals and at each down 

conductor on perimeter.  The ground rods for the grounding grid may be used for 
connection to the down conductors.  At each ground connection, determine the 
extent of the grounding arrangement according to the volume and type of soil 
encountered and the lowest expected moisture content.  Bond together all electrical 
service, telephone service, and lightning protection grounds to all underground 
metallic piping systems as required by Article 250 of the NEC. 

 
3. The structural steel frame  may substitute for main down conductors provided the 

frame is electrically continuous and of adequate cross-section.  Where the steel 
frame is utilized, connect the roof conductor to steel at least as often and at the 
same column as the ground connections.  Make connections to steel with 
exothermic welds wherever possible.  Provide bonding as required to make the 
entire metal frame continuous. 

 
4. Bond all sizable metal objects within 6-feet of down, roof, or grounding conductors to 

the system.  Use only approved fittings and conductors. 
 

5. Wherever possible problems with corrosion are encountered, use substitute 
approved materials and/or provide corrosion protection.  Use bimetallic or other 
specially designed and approved connectors where dissimilar metals are to be 
joined. 

 
6. Install air terminals within 2-feet of the edge of structure and at intervals not greater 

than 20-feet along perimeter and peak.  Provide additional terminals to limit spacing 
across roof to 50-feet maximum.  Bond any exposed metallic object or surface to the 
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roof conductor.  Flash all terminal or conductor penetrations in the roof to conform to 
the roofer's requirements. 

 
7. Record each ground connection location and mark up a reproducible copy of the 

approved shop drawings with their location.  Also, indicate any substantial field 
modifications on these drawings.  These drawings shall be included in the O&M 
manual. 

 
8. Log all continuity tests of metal framing, ground grid connections, bonding, and 

similar connections.  Indicate the location of tests or plans.  Include test results in the 
O&M manual.   

 
9. Retain U.L. to make an inspection of the completed installation and issue a Master 

Label Certification.  Furnish a copy of the Certification to the Owner upon receipt. 
 
3.02 TESTING 
 

A. All tests shall be performed in accordance with the requirements of the General Conditions 
and Division 1.  The following tests are required: 

 
1. Certified Shop Tests and Reports 

 
a. None Required. 

 
2. Field Tests 

 
a. After installation, the lightning protection system shall be tested for continuity 

to the ground grid.  The tests shall be made by the lightning protection 
system installer.  Test shall be as follows:   

 
i. Record the resistance between each down conductor and the ground 

grid to ensure a suitable low-resistance connection.  All resistance 
values shall be 1 ohm or less.  Test shall be made after the ground 
grid has been installed and tested per the requirements of 
Section 16170, Grounding and Bonding. 

 
 
 

-END OF SECTION- 
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SECTION 16721 
 

FIRE ALARM SYSTEM 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. Furnish and install a complete addressable Fire Alarm System including control panel, 
annunciator, alarm initiating and indicating devices, conduit, wiring, and other components 
as required for a complete and operational system.  System shall be in conformance with the 
latest NFPA and UL Standards listed below.  Furnish installation drawings, tools, and all 
labor required to complete the work as specified herein and indicated on the Drawings.   

 
B. This is a performance specification.  The Fire Alarm System manufacturer shall utilize a 

licensed professional engineer certified in fire protection in the Commonwealth of Virginia to 
review the requirements of this Section and design a fire alarm system in accordance with all 
applicable standards and Virginia and The City of Suffolk codes.  The Design/Builder shall 
submit the Drawings to the local Authorities Having Jurisdiction as described herein and 

coordinate the approval process.  A fire alarm system design is not shown on the Drawings. 
All references to Drawings within this specification are in Drawings provided by the Fire 
Alarm System manufacturer. 

 
C. System shall be capable of being monitored by DCU.  
 
D. All components used for the fire alarm system shall be suitable for the area in which they are 

installed. Fire alarm system design shall utilize appropriate components (e.g. weatherproof 
devices, explosion-proof devices, etc.) as required, even if required components are not 
specifically indicated within Part 2 – Products herein. 

 
E. Reference section 14241 for elevator requirements. 
 

1.02 CODES AND STANDARDS 
 

A. The system shall comply with all Federal and The City of Charleston laws or Ordinances, as 
well as all applicable codes, standards, regulations, and/or regulatory agency requirements 
including the partial listing below: 

 
1. National Fire Protection Association (NFPA) Publications 
 

a. NFPA 71 
b. NFPA 72 
c. NFPA 90A 
d. NFPA 101 

 
2. Underwriter’s Laboratories (UL), Inc. 
 

3. Factory Mutual (FM) System 
 

4. National Electrical Code, Article 760 
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1.03 TESTING 
 

A. All tests shall be performed in accordance with the requirements of the General Requirements, 
and Division 1.  The following tests are required: 

 

1. Witnessed Shop Tests 
 

a. None required. 
 

2. Certified Shop Tests and Reports 
 

a. Submit description of proposed testing methods, procedures, and apparatus.  
 
b. Submit certified copies of all factory test reports. 

 
3. Field Tests 

 
a. Field testing shall be done in accordance with the requirements specified in 

the General Conditions, Division 1 and the requirements of all applicable 
codes and standards. 

 
b. Reference Section 16000. 
 
c. All tests shall be performed in the presence of the Design/Builder and 

Owner.  The Design/Builder shall notify the Owner at least 14 days before 
the performance and acceptance tests are to be conducted.  A complete test 
report and letter of completion shall be submitted to the Owner.  The tests 
shall be performed by, or under the supervision of a qualified representative 
of the fire alarm system manufacturer and shall include the following: 

 

i. Verify that the system is free of grounds or open circuits.  The FACP 
shall indicate when a ground or an open circuit exists. 

 

ii. Verify that all alarm signal devices, stations, transmitters, automatic 
detectors, and supervisory devices are functioning as specified. 

 

iii. Test each fire alarm device and circuit.  Individually activate each 
manual initiating station and verify correct alarm operation and 
control panel response.  Individually test each automatic initiating 
device and verify correct alarm operation, control panel response, 
and remote equipment operation. 

 
iv. Test battery backup systems for specified function and capacity. 

 

d. The Design/Builder and the installer shall contact The City of Suffolk Fire 
Department for final approval of the system and demonstrate the system to 
the Fire Department for approval. 

 
e. Coordinate testing of fire alarm system with fire suppression system testing, 

if applicable. 
 
f. Upon acceptance by the Owner, the completed system(s) shall be placed 

into service. 
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1.04 SUBMITTALS 
 

A. In accordance with the procedures and requirements set forth in the General Conditions and 
Section 01 33 00 – Submittal Procedures, the Design/Builder shall obtain from the 
equipment manufacturer and submit the following: 

 
1. Shop Drawings 
 
2. Service Manuals 
 
3. Spare Parts List 
 
4. Special Tools List 
 
5. Proposed Testing Methods and Reports of Certified Shop Tests 
 
6. Manufacturer's Field Start-up Report 
 
7. Manufacturer's Representative's Certification 

 
B. Each submittal shall be identified by the applicable specification section. 

 
1.05 SHOP DRAWINGS 
 

A. Each submittal shall be complete in all respects, incorporating all information and data listed 
herein and all additional information required for evaluation of the proposed equipment's 
compliance with the Contract Documents. 

 
 
B. Shop drawings for each system shall include but not be limited to: 

 
1. Control panel interior wiring diagrams, point-to-point wiring diagram showing the 

point of connection and terminal used for all electrical field connections in the system 
and field wiring color-coded scheme. 

 
2. Descriptive bulletins and product data sheets for all alarm indicating and initiating 

devices in sufficient detail to permit comparison with the specifications inclusive of: 
manufacturer’s literature, illustrations, specifications, materials of construction, 
related engineering, data and compliance with NFPA, FM, UL, and local standards. 

 
3. A complete list identifying each addressable initiating device custom label, annunciator 

zone, notification appliance signaling zone, remote signaling and auxiliary function 
zone and the specific devices associated with each zone. 

 
4. An input/output matrix defining the system operation.  This matrix shall cross-

reference each initiating device to its corresponding annunciator zones, notification 
appliance signaling zones, remote signaling zones and auxiliary function zones and 
indicate system operation in the event of each type of trouble condition recognized 
by the system.  This matrix shall be in the format as shown in NFPA 72. 

 
5. Power supply, standby battery, battery charger and NAC voltage drop calculations 

for each power supply, configuration of standby batteries in the system, identifying 
both the non-alarm and alarm load associated with each, and demonstrating 
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conformance to the requirements of these specifications relative to sizing/capacity of 
power supplies ,chargers, and standby batteries as applicable. 

 
6. Assembly and installation drawings. 
 
7. Spare parts list. 
 
8. Manufacturer’s standard warranty. 
 
9. Sample central station monitoring contract for Owner review. 
 
10. Complete plant-wide fire alarm system interconnection diagrams including all fiber 

optic conversion devices required for a complete and operable system. 
 

C. Submit drawings, calculations and system component data sheets as listed in the 
paragraphs above for approval to The City of Suffolk Fire Department, Owners Insurance 
Underwriter, and any other Authorities Having Jurisdiction.  Drawings and calculations shall 
be signed and sealed by the licensed professional engineer certified in fire protection. 

 
D. Submit evidence that the equipment furnished complies with NFPA standards and satisfies 

all local codes for buildings in the appropriate Use Group as indicated on the building code 
sheets (General Drawings).  

 
E. The shop drawing information shall be complete and organized in such a way that the 

Design/Builder can determine if the requirements of these specifications are being met. 
Copies of technical bulletins, technical data sheets from "soft-cover" catalogs, and similar 
information which is "highlighted" or somehow identifies the specific equipment items the 
Contractor intends to provide are acceptable and shall be submitted. 

 
F. If standard data and catalog literature is supplied, all furnished options shall be carefully 

highlighted and options not being furnished shall be carefully deleted with ‘strikethrough’ 
notations.  Unclear information will cause rejection of the entire submittal. 

 
1.06 SERVICE MANUALS 

 
A. The Design/Builder shall submit Operation and Maintenance manuals in accordance with 

the procedures and requirements set forth in Division 1.  The manuals shall include: 
 

1. Instruction books, descriptive bulletins, technical bulletins, application data booklets, 
and other applicable instructional information. 

 

2. Recommended spare parts list. 
 
3. Final as-built construction drawings included in the shop drawings incorporating all 

changes made during the completion of the project. 
 
1.07 TOOLS, SUPPLIES, AND SPARE PARTS 
 

A. The fire alarm system shall be furnished with all special tools necessary to disassemble, 
service, repair, and adjust the equipment and all spare parts as recommended by the 
equipment manufacturer.  Spare parts shall be furnished in accordance with Division 1. 

 
B. The Design/Builder shall furnish the following minimum spare parts: 
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No. Required Description 
5 % (minimum of 1) Each type of heat detector and smoke detector 

including base 
5% (minimum1) Each type of manual pull station and each type 

notification appliance 
 

C. The spare parts shall be packed in containers suitable for long-term storage, bearing labels 
clearly designating the contents and the pieces of equipment for which they are intended. 

 
D. Spare parts shall be delivered at the same time as the equipment to which they pertain.  The 

Design/Builder shall properly store and safeguard such spare parts until completion of the 
Work, at which time they shall be delivered to the Owner. 

 
E. Spare parts lists, included with the shop drawing submittal shall indicate specific sizes, 

quantities, and part numbers of the items to be furnished.  Terms such as "1 lot of packing 
material" are not acceptable. 

 
F. Parts shall be completely identified with a numerical system to facilitate parts inventory 

control and stocking.  Each part shall be properly identified by a separate number.  Those 
parts which are identical for more than one size shall have the same parts number. 

 
G. Spare parts shall be identical and interchangeable with corresponding parts of installed system. 

 
1.08 SERVICES OF MANUFACTURER'S REPRESENTATIVE 
 

A. The Design/Builder shall provide the services of a qualified, factory-trained, manufacturer's 
technical representative who shall adequately supervise the installation and testing of all 
equipment furnished under this Contract and instruct the Design/Builder's personnel and the 
Owner's operating personnel in its maintenance and operation as outlined in Division 1.  The 
services of the manufacturer's representative shall be provided for a period of not less than as 
follows: 

 

1. One trip of three (3) working days during installation of the equipment. 
 

2. One trip of one (1) working day after acceptance of the equipment 
 

3. One trip of one (1) working day for training. 
 
1.09 IDENTIFICATION 

 
A. Each system component shall be identified with a unique identification number.  A nameplate 

shall be securely affixed in a conspicuous place on each device.  Nameplates shall be as 
specified in Section 16195, Identification. 

 

B. Fire alarm terminal and junction boxes shall be identified in accordance with NFPA 70, 
Section 760.3, and painted red and stenciled “FIRE ALARM” preventing unintentional 
interference with the signaling circuits during testing, servicing and additional modifications 
to the system. 

 

C. Major components of equipment shall be identified with a permanently affixed nameplate bearing 
the manufacturer's name and address, and type or style and catalog number of the item. 

 

D. Keys and locks shall be furnished with tags bearing stamped identification numbers.  Cable 
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and conduit runs, wiring circuits, and all spare parts supplied to maintain the system shall be 
furnished with stainless steel tags. 

 

1.10 TRAINING 
 

A. The Design/Builder shall provide training for Owner personnel.  Training shall be conducted 
by the manufacturer's factory-trained representative(s) who shall instruct Owner personnel in 
operation and maintenance of all equipment provided under this Section.  Training shall be 
in accordance with the requirements of the Special Provisions, General Requirements, and 
Section 11000. 

 

 
 

PART 2 -- PRODUCTS 
 

2.01 MANUFACTURERS 
 

A. To ensure that the Fire Alarm System is integrated, coordinated and compatible system, one 
(1) manufacturer shall furnish all components specified herein.  The system shall be as 
manufactured by FCI, Simplex Grinnell, or Siemens Fire Safety. 

 

2.02 FIRE ALARM SYSTEM 
 

A. Fire Alarm Control Panel (FACP) 
 

1. Fire Alarm Control Panel shall comply with NFPA standards. 
 

2. System shall be non-coded supervised addressable initiating, with annunciators as 
indicated on Drawings.  Each circuit shall be electrically supervised against 
disarrangement.  Wiring shall be Class A.  Each system shall be able to be wired for a 
minimum of 10% spare devices.   

 

3. Control panel shall be microprocessor based and use solid-state components to 
operate the system.  Control panel shall contain a 60 hour 24 VDC battery back-up 
system.  Provide system reset switch, battery and alarm horn, indicating device test 
switches and alarm relays. 

 
4. Panel shall have the capability to accept as a minimum all alarm initiating devices as 

shown on the Drawings for each system.  The panel shall have a capacity necessary 
to meet the requirements of the installed system including 10% additional spare 
points, where (1) point equals (1) monitor (input) or (1) control (output). 

 
5. Install auxiliary relays as required in the panel with a minimum of four (4) 120 volt 

normally open alarm contact outputs for remote alarm annunciation.  The relays shall 
energize when a fire alarm, trouble, or supervisory alarm occurs.  Wire all relay 
contacts to terminal blocks for connection to field wiring as shown on the Drawings. 

 
6. In the event of total power loss and restoration, the status of the initiating devices 

and notification appliances shall remain unchanged.  The entire fire alarm system 
shall be powered from the battery back-up system during a power loss. 

 
7. The panel shall have a 24 VDC power supply mounted in the panel enclosure. 
 
8. The fire alarm system manufacturer shall provide all logic and/or programming to the 



Sustainable Water Phase 3 –  Fire Alarm System – REV 0 
Demonstration Facility 16500-7 IFC June 2017 

fire alarm control panel so the fire alarm system will operate as follows: 
 
a. When a fire alarm pull station is pulled the fire alarm system will immediately 

go into an alarm state and energize the alarm horns, strobe lights and the 
auxiliary relay for remote notification 

 
b. The smoke detectors shall have an alarm verification feature to prevent 

nuisance alarms.  In the event that a detector is activated and the alarm 
verification period has been exceeded, the fire alarm system will go into an 
alarm state and energize the alarm horns, strobe lights and the auxiliary relay 
for remote notification. 

 
9. The control panel shall also have all of the following features: 

 
a. Microprocessor based control. 
 
b. Factory programmed and field configurable 
 
c. Alarm and trouble with 24-hour reminder. 
 
d. Signal silence inhibit. 
 
e. Alarm verification by device. 
 
f. Alarm, trouble, supervisory and verification last event records. 
 
g. One person test. 
 
h. Inherently power limited per NEC 760. 
 
i. UL listed. 
 

j. FM approved. 
 

k. Dead front option for the enclosure. 
 

l. Central station DACT and HVAC shutdown relays. 
 

m. Communication capabilities to allow for off site central station monitoring. 
 
10. Alphanumeric Display and System Controls: Panel shall include an LCD display to 

indicate alarm, supervisory, and component status messages and shall include a 
keypad for use in entering and executing control commands. 

 
11. FACP shall individually monitor sensors for calibration, sensitivity, and alarm 

condition, and shall individually adjust for sensitivity. The control unit shall determine 
the condition of each sensor by comparing the sensor value to the stored values. 

 
12. Environmental Compensation: The FACP shall maintain a moving average of the 

sensor's smoke chamber value to automatically compensate for dust, dirt, and other 
conditions that could affect detection operations. 

 
13. Programmable Sensitivity:  Photoelectric Smoke Sensors shall have 7 selectable 
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sensitivity levels ranging from 0.2% to 3.7%, programmed and monitored from the 
FACP. 

 
14. Sensitivity Testing Reports:  The FACP shall provide sensor reports that meet NFPA 

72 calibrated test method requirements.  The reports shall be capable of being 
printed for annual recording and logging of the calibration maintenance schedule. 

 
15. The FACP shall automatically indicate when an individual sensor needs cleaning.    

When a sensor's average value reaches predetermined values, three (3) progressive 
levels of reporting shall be provided.  The first level shall indicate if a sensor is close 
to a trouble reporting condition and shall be indicated on the FACP (i.e. "ALMOST 
DIRTY").  If this indicator is ignored and the second level is reached, a "DIRTY 
SENSOR" condition shall be indicated at the FACP and subsequently a system 
trouble shall be reported .  The sensor base LED shall glow steady giving a visible 
indication at the sensor location. The "DIRTY SENSOR" condition shall not affect the 
sensitivity level required to alarm the sensor.  If this indicator is ignored and its 
average value increases to a third predetermined value, an "EXCESSIVELY DIRTY 
SENSOR" trouble condition shall be indicated at the FACP. 

 

16. The FACP shall continuously perform an automatic self-test on each sensor that will 
check sensor electronics and ensure the accuracy of the values being transmitted. 
Any sensor that fails this test shall indicate a "SELF TEST ABNORMAL" trouble 
condition at the FACP. 

 
B. Alarm Initiating Devices 

 
1. Fire Alarm Pull Station 

 
a. Fire alarm pull stations shall comply with NFPA standards and be compatible 

with the Fire Alarm Control Panel.  
 

b. Quantity: As required and as shown on the Drawings for each system. 
 
c. Location: Required where shown on the Drawings and to meet all local and 

national codes. 
 
d. Materials of Construction:  Red colored lexan. 
 
e. Pull stations shall be double action addressable type that require an outer 

door to be operated do expose actuation handle. 
 
f. Provide necessary control power, and any other modules required for operation 

integral with Fire Alarm Control Panel. 
 

2. Smoke Detectors 
 

a. Smoke Detectors shall comply with NFPA standards and shall be compatible 
with the Fire Alarm Control Panel. 

 
b. Quantity: As required and as shown on the Drawings for each system. 
 
c. Location:  Required where shown on the Drawings and to meet all local and 

national codes. 
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d. Type:  Smoke sensors shall be of the photoelectric or combination photoelectric/ 

heat type. 
 
e. Materials of construction: Impact resistant plastic. 

 
f. Spacing: In accordance with the manufacturer’s recommendations and the 

requirements of NFPA 72E, however, in no case shall spacing exceed 30 ft. 
by 30 ft. per detector. 

 
g. Proximity to Fixtures:  Smoke detectors shall not be placed closer than 5 ft. 

from any vent entrance or discharge point. 
 
h. Each sensor base shall contain an LED that will flash each time it is scanned 

by the Control Unit (once every 4 seconds). In alarm condition, the sensor 
base LED shall be on steady. 

 
i. Sensors shall include a communication transmitter and receiver in the 

mounting base having a unique identification and capability for status reporting 
to the FACP. Sensor address shall be located in base to eliminate false 
addressing when replacing sensors. 

 
j. Each sensor shall be scanned by the FACP for its type identification to prevent 

inadvertent substitution of another sensor type. Upon detection of a wrong 
device, the control unit shall operate with the installed device at the default 
alarm settings for that sensor.  The settings shall be 2.5% obscuration for the 
photoelectric sensor, 135-deg F and 15-deg F rate-of-rise for the heat sensor, 
and the FACP shall indicate a "Wrong Device" trouble condition. 
 

k. Low profile surface mount base. 
 

l. The sensor's electronics shall be immune from nuisance alarms caused by 
EMI and RFI. 

 

m. Plug-In Arrangement: Sensor and associated electronic components shall be 
mounted in a module that connects to a fixed base with a twist-locking plug 
connection. Base shall provide break-off plastic tab that can be removed to 
engage the head/base locking mechanism.  No special tools shall be 
required to remove head once it has been locked. Removal of the detector 
head shall interrupt the supervisory circuit of the fire alarm detection loop and 
cause a trouble signal at the FACP. 

 

n. Removal of the sensor head for cleaning shall not require the setting of addresses. 
 

3. Duct Smoke Detectors 
 

a. Duct smoke detectors shall have all the same features as a regular smoke 
detector except it shall be specifically designed to be installed in the supply 
or return ducts of the HVAC units shown on the Drawings.  The detectors 
shall be rated for the size of duct in which it will be installed and the CFM of 
the air flow through it. 

 

b. Quantity: As shown on the Drawings for each system. 
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c. Location: Required where shown on the Drawings to meet all local and 
national codes. 

 

d. Duct smoke detectors shall be furnished by the fire alarm system supplier, 
and installed by the HVAC Subcontractor 

 

e. The Duct housing shall provide a supervised relay driver circuit for driving up 
to 15 relays with a single "Form C" contact rated at 7A@ 28VDC or 10A@ 
120VAC. This auxiliary relay output shall be fully programmable.  Relay shall 
be mounted within 3 feet of HVAC control circuit. 

 

f. Duct housing shall provide a relay control trouble indicator Yellow LED. 
 

g. Duct housing shall have a transparent cover to monitor for the presence of 
smoke.  Cover shall secure to housing by means of captive fastening screws. 

 

h. Duct housing shall provide two (2) test ports for measuring airflow and for 
testing.  These ports shall allow aerosol injection in order to test the 
activation of the duct smoke sensor. 

 

i. Each duct smoke sensor shall have a remote test station with an alarm LED 
and test switch. 

 
4. Heat Detectors 
 

a. Heat detectors shall comply with NFPA standards and shall be compatible 
with the Fire Alarm Control Panel. 
 

b. Quantity: As required and as shown on the Drawings for each system. 
 
c. Location: Required where shown on the Drawings to meet all local and 

national codes. 
 
d. Materials of construction: Impact resistant plastic. 
 
e. Spacing: In accordance with the manufacturer’s recommendations and the 

requirements of NFPA 72E. 
 
f. Addressable heat detectors shall be ambient compensated combination rate-

of-raise and fixed temperature type.  The fixed temperature operation of the 
sensor shall be selectable for either 117 or 135°F.  Rate-of-rise operation 
shall be selectable for either 15 or 20°F per minute and shall be self-
restorable. 

 
g. Heat detectors shall be addressable and shall be of the epoxy encapsulated 

electronic design.  Detectors shall be thermistor-based, rate-compensated, 
self-restoring and shall not be affected by thermal lag. 

 
C. Alarm Indicating Devices 

 
1. Fire Alarm Horns 

 
a. Fire alarm horns shall comply with NFPA, UL Standards, all local codes and 

be compatible with the Fire Alarm Control Panel.  
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b. Quantity:  As shown on the Drawings for each system. 

 
c. Piezoelectric type horn shall be listed to UL 464. The horn shall have a 

minimum sound pressure level of 85 dBA @ 24VDC. The horn shall mount 
directly to a standard single gang, double gang or 4" square electrical box, 
without the use of special adapter or trim rings. 

 
2. Strobe Lights 

 
a. Strobe Lights shall comply with NFPA, UL standards and be compatible with 

the Fire Alarm Control Panel.  
 
b. Quantity:  As shown on the Drawings for each system. 
 
c. Strobe lights shall have the words “FIRE” on it and comply with NFPA. 

 
d. Strobe shall be listed to UL 1971. The strobe shall consist of a xenon flash 

tube and associated lens/reflector system. The strobe enclosure shall mount 
directly to standard single gang, double gang or 4" square electrical box, 
without the use of special adapters or trim rings. strobe appliances shall be 
provided with different minimum flash intensities of 15cd, 30cd, 75cd and 
110cd. Candela intensity shall be field adjustable.  Provide an indicator 
inside the strobe lens to indicate the listed candela rating of the specific 
strobe appliance. 

 
3. Audible/Visible Devices:  
 

a. Combination Audible/Visible (A/V) Notification Appliances shall be listed to UL 
1971 and UL 464. The strobe light shall consist of a xenon flash tube and 
associated lens/reflector system. A/V appliances shall be provided with 
different minimum flash intensities of 15cd, 30cd, 75cd and 110cd. Candela 
intensity shall be field adjustable.  Provide an indicator inside the strobe lens to 
indicate the listed candela rating of the specific A/V appliance.  The audible 
device shall be meet the requirements of the audible devices previously 
described. The audible/visible enclosure shall mount directly to standard single 
gang, double gang or 4" square electrical box, without the use of special 
adapters or trim rings. 

 
D. System Addressable Interface Devices 

 
1. Control Module, (addressable relay) - The Control Module, shall be programmable by 

the FACP and installed where required.  The Control Module shall be a line powered 
module and relay contact shall be capable of switching up to 2A @ 30 Vdc.  

 
2. Monitor Module – (addressable input) - The Monitor Module shall be installed where 

required and monitor normally open contacts and shall be programmed for a variety 
of input types as defined in the system programming.   

 
E. Power Requirements 

 
1. Power supply to all components of the system shall be as required, furnished and 

installed by the Fire Alarm System Manufacturer. 
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2. Booster power supplies shall be furnished and installed where required. 

 
F. Graphic Annunciator 

 
1. Graphic annunciators shall be furnished and installed as required. 

 
PART 3 -- EXECUTION 
 
3.01 INSTALLATION 

 

A. The fire alarm system shall be furnished and installed as shown on the Drawings and in 
accordance with the manufacturer's installation instructions.  One (1) copy of these 
instructions shall be included with the equipment at time of shipment. 

 
B. System and Control Wiring 

 

1. All fire alarm system conduit and wire shall be furnished and installed separate from 
all other building electrical conduit and wire. All raceways for the fire alarm system 
shall be furnished and installed by the Design/Builder to ensure all conduit within the 
facility is of the same workmanship. All raceways for the fire alarm wiring shall be 
rigid conduit, exposed as specified herein, within Specification Section 16111, 
Conduit, and as indicated on the riser diagrams on the Drawings.  All system wiring 
shall be furnished and installed by the fire alarm system manufacturer within the 
Design/Builder installed conduit.   

 

2. All system components shall be securely supported independent of the wiring.  Runs 
of conduit and wiring shall be straight, neatly arranged, properly supported, installed 
parallel and perpendicular to walls and partitions. 

 

3. The sizes of the conductors shall be those specified by the manufacturer.  Color 
coded wire shall be used.  All wires shall be tagged at all junction points and shall be 
free from short circuits, earth connections (unless so noted on the system drawings), 
and crosses between conductors.  Final terminations between the FACP and the 
system field devices shall be made under the direct supervision of a factory trained 
representative. 

 

 
C. Mount the Fire Alarm Control Panel such that the height of the top operating handle or knob 

does not exceed 6 ft. from the floor. 
 

D. After completion of the installation, the Fire Alarm System Manufacturer shall clean the 
inside and the outside of the fire alarm system equipment and shall remove all dirt and 
debris from the site. 

 
3.02 MANUFACTURER'S CERTIFICATION 
 

A. A qualified, factory-trained manufacturer's representative shall certify in writing that the 
equipment has been installed, adjusted, and tested in accordance with the manufacturer's 
recommendations. 

 
 
 

- END OF SECTION- 
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SECTION 16726 
 

INTRUSION DETECTION SYSTEM 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. Furnish, install, test, and place in satisfactory operation a complete intrusion detection 
system (Access Control System) at the Demonstration Facility as specified herein and 
indicated on the Drawings. 

 
B. The system shall consist of controllers, power supplies, proximity readers, door strikes, 

magnetic locks, panic bars, request to exit motion sensors, push to exit buttons, door 
contacts, conduit, wiring and other components as required for a complete and operation 
system.   
 

C. This is a performance specification.  The Drawings do not show a complete intrusion 
detection system design. The Design/Builder shall retain the services of a firm specializing in 
the design, installation, and testing of intrusion detection systems. 
 

D. All components used for the intrusion detection system shall be suitable for the area in which 
they are installed.  
 

E. Reference Section 08400, Aluminum Storefront, 08710, Finish Hardware Requirements, and 
08110, Steel Doors and Frames. 

 
1.02 CODES AND STANDARDS 
 

A. The intrusion detection system shall comply with the following codes and standards: 
 

1. National Fire Protection Association (NFPA) 
 

2. National Electrical Code (NEC). 
 

3. Underwriter's Laboratories, Inc. (U.L.) 
 
1.03 TESTING 
 

A. All tests shall be performed in accordance with the requirements of the General Conditions 
and Division 1.  The following tests are required: 

 
1. Witnessed Shop Tests 

 
a. None required. 

 
2. Certified Shop Tests and Reports 

 
a. None required. 
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3. Field Tests 
 

a. Field tests shall be performed in accordance with requirements specified in 
the General Conditions, Division 1, and Section 16000, Basic Electrical 
Requirements.   

 
1.04 SUBMITTALS 
 

A. In accordance with the procedures and requirements set forth in the General Conditions and 
Section 01 33 00 – Submittal Procedures, the Design/Builder shall obtain from the 
equipment manufacturer and submit the following: 

 
1. Shop Drawings 

 
2. Operation and Maintenance Manuals 

 
3. Spare Parts List 

 
4. Special Tools List 

 
B. Each submittal shall be identified by the applicable specification section. 

 
1.05 SHOP DRAWINGS 
 

A. Each submittal shall be complete in all respects, incorporating all information and data listed 
herein and all additional information required for evaluation of the proposed equipment's 
compliance with the Contract Documents. 

 
B. Partial, incomplete or illegible submissions will be returned to the Design/Builder without 

review for resubmittal.  
 

C. Shop drawings shall include but not be limited to: 
 

1. Equipment specifications and product data sheets for all system components 
identifying all electrical ratings, physical dimensions, and similar information. 

 
2. Complete equipment layout and installation drawings. 

 
3. Weights of all major components (e.g. control panel). 

 
4. Interconnection wiring diagrams including wiring identification and terminal numbers. 

 
5. Bill of material list. 

 
6. Manufacturer's installation instructions. 

 
7. Manufacturer's standard warranty. 

 
D. The shop drawing information shall be complete and organized in such a way that the 

Engineer can determine if the requirements of these specifications are being met.  Copies of 
technical bulletins, technical data sheets from "soft-cover" catalogs, and similar information 



Sustainable Water Phase 3 –  Intrusion Detection System – REV 0 
Demonstration Facility 16726-3 IFC June 2017 
 

which is "highlighted" or somehow identifies the specific equipment items the Design/Builder 
intends to provide are acceptable and shall be submitted. 

 
1.06 OPERATIONS AND MAINTENANCE MANUALS 
 

A. The Design/Builder shall submit operation and maintenance manuals in accordance with the 
procedures and requirements set forth in the General Conditions and Division 1.  The 
manuals shall include: 

 
1. Instruction books and/or leaflets. 

 
2. Recommended spare parts list. 

 
3. Final as-built construction drawings included in the shop drawings incorporating all 

changes made during the installation. 
 
1.07 TOOLS, SUPPLIES, AND SPARE PARTS 
 

A. The intrusion detection system shall be furnished with all special tools necessary to 
disassemble, service, repair, and adjust the equipment and all spare parts as recommended 
by the intrusion detection system manufacturer. 

 
B. The spare parts shall be packed in containers suitable for long term storage, bearing labels 

clearly designating the contents and the pieces of equipment for which they are intended. 
 

C. Spare parts shall be delivered at the same time as the equipment to which they pertain.  The 
Design/Builder shall properly store and safeguard such spare parts until completion of the 
Work, at which time they shall be delivered to the Owner. 

 
D. Spare parts lists, included with the shop drawing submittal shall indicate specific sizes, 

quantities, and part numbers of the items to be furnished.  Terms such as "1 lot of packing 
material" are not acceptable. 

 
E. Parts shall be completely identified with a numerical system to facilitate parts inventory 

control and stocking.  Each part shall be properly identified by a separate number.  Those 
parts which are identical for more than one size, shall have the same parts number. 

 
1.08 SERVICES OF MANUFACTURER'S REPRESENTATIVE 
 

A. The Design/Builder shall provide the services of a qualified manufacturer's technical 
representative who shall adequately supervise the installation and testing of the intrusion 
detection system furnished under this Contract and instruct the Design/Builder's personnel 
and the Owner's operating personnel in its maintenance and operation. The services of the 
manufacturer's representative shall be provided for a period of not less than as follows: 

 
1. One trip of one (1) working day during installation of the equipment. 

 
2. One trip of one (1) working day during acceptance of the equipment 

 
1.09 TRAINING 
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A. The Design/Builder shall provide training for Owner personnel.  Training shall be conducted 
by the manufacturer's factory trained specialists who shall instruct Owner personnel in 
operation and maintenance of all equipment provided under this Section.  Training shall be 
in accordance with the requirements of Section 11000, Equipment General Provisions. 

 
 
PART 2 -- PRODUCTS 
 
2.01 MANUFACTURERS 
 

A. The equipment covered by these specifications is intended to be standard equipment of 
proven performance as manufactured by reputable concerns.  Equipment shall be designed, 
constructed and installed in accordance with the best practices of the trade, and shall 
operate satisfactorily when installed as shown on the Drawings. 

 
B. All devices and equipment shall be designed, tested, manufactured, and installed in 

accordance with the best practices of the trade, and shall operate satisfactorily when 
installed.  The Design/Builder shall be responsible for matching all components and 
providing equipment which functions together as a system. 

 
2.02 INTRUSION DETECTION SYSTEM 
 

A. General 
 

B. Control Panel 
 

1. The Design/Builder shall furnish and install a control panel as specified herein and 
shown on the Drawings. 

 
2. The control panel shall be equipped with the necessary circuitry for transmitting a 

local alarm signal to the station's main control panel.  The terminations for this 
system shall be clearly marked for connection. 

 
3. The control panel shall be provided with battery, power supply, and automatic 

transfer circuit to provide 24 hours of back-up capacity during a power failure.  Lose 
of power, normal or backup, shall be transmitted as an alarm condition. 

 
4. The control panel shall be iSTAR Ultra in a wall mount enclosure.   

 
C. Door Strikes 
  

1. Door strikes shall be HES 1006 or approved equal. 
 

D. Request to Exit Sensors 
 
1. PIRs shall be Bosch DS160 Series. 

 
E. Proximity Card Readers 

 
1. Readers shall be HID RP10 multiclass readers. 

 
F. Electric Panic Bars 
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1. Electric panic bars shall be VonDuprin electrified vertical rod exit device or approved 

equal. 
 

 
PART 3 -- EXECUTION 
 
3.01 INSTALLATION 
 

A. System and Control Wiring 
 

1. All intrusion detection conduit and wire shall be furnished and installed separate from 
all other building electrical conduit and wire. All raceways for the intrusion detection 
system shall be furnished and installed by the Design/Builder to ensure all conduit 
within the facility is of the same workmanship. All raceways for the intrusion detection 
wiring shall be rigid conduit as specified herein, within Specification Section 16111, 
Conduit, and as indicated on the riser diagrams on the Drawings.  All system wiring 
shall be furnished and installed by the intrusion detection system manufacturer within 
the Design/Builder installed conduit.   

 

2. All system components shall be securely supported independent of the wiring.  Runs 
of conduit and wiring shall be straight, neatly arranged, properly supported, installed 
parallel and perpendicular to walls and partitions. 

 

3. The sizes of the conductors shall be those specified by the manufacturer.  Color 
coded wire shall be used.  All wires shall be tagged at all junction points and shall be 
free from short circuits, earth connections (unless so noted on the system drawings), 
and crosses between conductors.  

 
B. The intrusion detection system shall be installed and tested in accordance with the 

manufacturer's recommendations. 
 
 

- END OF SECTION - 
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SECTION 16902 
 

ELECTRIC CONTROLS AND RELAYS 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish, install, test, and place in satisfactory operation all electric 
controls and relays as specified herein and indicated on the Drawings. 

 
B. Electrical control and relay systems shall be assembled using NEMA rated components.  

Components designed and built to International Electrotechnical Commission (IEC) 
standards or dual rated are not recognized.  Equipment designed, manufactured and 
labeled in compliance with IEC standards is not acceptable. 

 
C. Reference Section 16000, Basic Electrical Requirements and Section 16195, Electrical 

Identification. 
 
1.02 CODES AND STANDARDS 
 

A. Products specified herein shall be in conformance with or listed to the following standards 
as applicable: 
 
1. NEMA 250 – Enclosures for Electrical Equipment 

 
2. UL 508A – Standard for Industrial Control Panels 
 

1.03 SUBMITTALS 
 

A. In accordance with the procedures and requirements set forth in the General Conditions 
and Section 01 33 00 – Submittal Procedures, the Design/Builder shall obtain from the 
equipment manufacturer and submit the following: 

 
1. Shop Drawings 

 
2. Spare Parts List 

 
B. Each submittal shall be identified by the applicable specification section. 
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1.04 SHOP DRAWINGS 
 

A. Each submittal shall be complete in all respects, incorporating all information and data 
listed herein and all additional information required for evaluation of the proposed 
equipment's compliance with the Contract Documents. 

 
B. Partial, incomplete or illegible submittals will be returned to the Design/Builder without 

review for resubmittal.   
 

C. Shop drawings shall include but not be limited to: 
 

1. Product data sheets. 
 

D. The shop drawing information shall be complete and organized in such a way that the 
Engineer can determine if the requirements of these Specifications are being met.  Copies 
of technical bulletins, technical data sheets from "soft-cover" catalogs, and similar 
information which is "highlighted" or somehow identifies the specific equipment items the 
Design/Builder intends to provide are acceptable and shall be submitted. 

 
1.05 SPARE PARTS 
 

A. All spare parts as recommended by the equipment manufacturer shall be furnished to the 
Owner by the Design/Builder.  In addition to the manufacturer recommended spare parts, 
the following spare parts shall be provided for the local control stations: 

 
1. One (1) contact block of each type furnished on the project 

 
2. One (1) indicating light lens of each color furnished on the project 

 
3. One (1) LED lamp of each color furnished on the project 

 
B. The spare parts shall be packed in containers suitable for long term storage, bearing labels 

clearly designating the contents and the pieces of equipment for which they are intended. 

C. Spare parts shall be delivered at the same time as the equipment to which they pertain.  
The Design/Builder shall properly store and safeguard such spare parts until completion 
of the work, at which time they shall be delivered to the Owner. 

 
D. Spare parts lists, included with the shop drawing submittal, shall indicate specific sizes, 

quantities, and part numbers of the items to be furnished.  Terms such as "1 lot of packing 
material" are not acceptable. 

 
E. Parts shall be completely identified with a numerical system to facilitate parts control and 

stocking.  Each part shall be properly identified by a separate number.  Those parts which 
are identical for more than one size, shall have the same part number. 
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PART 2 -- PRODUCTS 
 
2.01 CONTROL COMPONENTS 
 

A. Manufacturers 
 

1. Control components shall be manufactured by Eaton, The Square D Company, 
Allen-Bradley, or Engineer approved equal. 

 
B. Pilot Devices 

 
1. General 

 
a. All pilot devices shall be provided with a legend plate.  Legend plates shall 

have a white background and black lettering and indicate the function of 
the respective pilot device.  (i.e. HAND-OFF-AUTO, RUN, EMERGENCY 
STOP, etc). 

 
b. All pilot devices shall be selected and properly installed to maintain the 

NEMA 250 rating of the enclosure in which they are installed.  All pilot 
devices shall be UL 508 Listed. 

 
c. All pilot devices shall be 30.5mm in diameter, unless otherwise indicated.  

22mm devices are not acceptable. 
 

d. Pilot devices for all electrical equipment under this Contract shall be of the 
same type and manufacturer. 

 
2. Pushbuttons 

 
a. Pushbuttons shall be non-illuminated, black in color, and have momentary 

style operation. 
 

b. Pushbuttons shall have the quantity of normally closed and/or normally 
open contacts as required.  In addition to the required contacts, one (1) 
spare normally open and one (1) spare normally closed contact shall be 
installed at each pushbutton.  Contacts shall be rated for 5A at 250VAC/DC 
(minimum), but no less than required for the application.  

 
c. Pushbuttons shall be provided with a full guard around the perimeter of the 

button. 
 

3. Selector Switches 
 

a. Selector switches shall be non-illuminated, black in color, and have the 
number of maintained positions as required.  Handles shall be the extended 
type that provide a greater surface area for operation. 

 
b. Selector switches shall have the quantity of normally closed and/or 

normally open contacts as required.  In addition to the required contacts, 
one (1) spare normally open and one (1) spare normally closed contact 
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shall be installed at each selector switch.  Contacts shall be rated for 5A at 
250VAC/DC (minimum), but no less than required for the application. 

 
c. Selector switches shall be provided with an indexing component that fits 

into the keyed portion of the cutout for the device and prevents the switch 
from spinning when operated. 

 
4. Indicating Lights 

 
a. Indicating lights shall LED type, with the proper voltage rating to suit the 

application, and push-to-test feature. 
 

b. Indicating light lens colors shall be as required in equipment specifications.  
If lens colors are not indicated, the following colors shall be used: 

 
Red - "Run", "On", “Open”, “High” 
Green - "Off", “Closed”, “Low” 
Amber - "Alarm", "Fail" 
White - “Control Power On”, “Auto”, “Local” 
Yellow -  “Manual”, “Remote” 

 
5. Emergency Stop and Tagline Switches 

 
a. Emergency stop switches shall be non-illuminated, red in color, with a 

minimum 35mm diameter mushroom head manufactured by Pilla Electrical 
Products, Inc. or approved equal.  Once activated, switch shall maintain its 
position and require a manual pull to release/reset. Switches shall be 
provided with a clear, hinged plastic cover. 

 
b. Tagline switches shall have a plunger that activates upon tension from the 

associated safety cable.  Once activated, switch shall maintain its position 
and require a manual release/reset. 

 
c. Emergency stop and tagline switches shall have the quantity of normally 

closed and/or normally open contacts as required.  In addition to the 
required contacts, one (1) spare normally open and one (1) spare normally 
closed contact shall be installed at each switch.  Contacts shall be rated for 
5A at 250VAC/DC (minimum), but no less than required for the application. 

 
C. Relays and Timers 
 

1. General 
 

a. Relays and timers shall be furnished with an integral pilot light for positive 
indication of coil energization. 

 
b. Relays and timers shall have tubular pin style terminals with matching 11-

pin DIN rail mount socket.  Spade or blade style terminals are not 
acceptable. 
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c. Relays and timers for all electrical equipment under this Contract shall be 
of the same type and manufacturer. 

 
2. Control and Pilot Relays 

 
a. Miniature or “ice-cube” type relays are not acceptable. 
 
b. Relays shall have coil voltage as required to suit the application. 
 
c. Relays shall be provided with contacts rated for 10A (resistive), minimum, 

at 120/240 VAC and 24 VDC.  Relays shall have 3-pole, double-throw 
(3PDT) contact arrangement.  

 
d. Control and pilot relays shall be manufactured by IDEC, Potter, Brumfield, 

Agastat or approved equal. 
 

3. Time Delay Relays 
 

a. Timers delay relays shall utilize electronic timing technology.  Mechanical 
timing devices are not acceptable. 

 
b. Relays shall have coil voltage as required to suit the application. 

 
c. Relays shall be provided with contacts rated for 10A (resistive), minimum, 

at 120/240 VAC and 24 VDC.  Relays shall have double-pole double-throw 
(DPDT) contact arrangement. 

 
d. Time delay ranges shall be adjustable from the front of the relay. 

 
4. Elapsed Time Meters 

 
a. Elapsed time meters shall be non-resettable type with no less than a 4 digit 

display.  Coil voltage shall be as required. 
 
b. Elapsed time meters shall be manufactured by Crompton, ENB, or 

approved equal. 
 

D. Control Terminal Blocks 
 

1. Control terminal blocks shall be assembled on non-current carrying galvanized 
steel DIN mounting rails securely bolted to the enclosure or subpanel.  Terminals 
shall be tubular screw type with pressure plate that will accommodate wire size 
range of #22 - #8 AWG. 

 
2. Control terminal blocks shall be single tier with a minimum rating of 600 volts and 

20A.  Separate terminal strips shall be provided for each type of control used (i.e. 
120VAC vs. 24VDC). Quantity of terminals shall be provided as required to suit the 
application.  In addition, there shall be a sufficient quantity of terminals for the 
termination of all spare conductors. 
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3. Terminals shall be marked with a permanent, continuous marking strip, with each 
terminal numbered.  One side of each terminal shall be reserved exclusively for 
incoming field conductors.  Common connections and jumpers required for internal 
wiring shall not be made on the field side of the terminal. 

 
2.02 LOCAL CONTROL STATIONS 
 

A. Local control stations shall be furnished and installed complete with pushbuttons, selector 
switches, indicating lights, and other devices as indicated on the Drawings. 
 

B. Specific devices installed in local control stations shall be provided in accordance with the 
requirements specified elsewhere in this Section. 
 

C. Local control stations shall be furnished with the following enclosure type and material of 
construction, dependent upon the designation of the area in which they are to be installed.  
Area designations are indicated on the Drawings. 
 

AREA DESIGNATION ENCLOSURE TYPE AND MATERIAL 

Indoor Wet Process Area NEMA 4X, Type 304 Stainless Steel 

Indoor Dry Process Area NEMA 12, Die Cast Zinc 

Indoor Dry Non-process Area NEMA 12, Die Cast Zinc 

Indoor Type 1 Chemical Storage/Transfer 
Area 

NEMA 4X, Fiberglass or Thermoplastic 
Polyester 

Indoor Type 2 Chemical Storage/Transfer 
Area 

NEMA 4X, Type 304 Stainless Steel 

All Outdoor Areas NEMA 4X, Type 304 Stainless Steel 

 
D. Local control stations for shall be UL-508 Listed.  

 
E. Provide a nameplate on each local control station in accordance with Section 16195, 

Electrical Identification.  The name and/or number of the equipment associated with each 
control station shall be engraved on the nameplate, followed by the words “LOCAL 
CONTROL STATION”. 

 
 

PART 3 -- EXECUTION 
 
3.01 INSTALLATION 
 

A. Local control stations shall be provided in the enclosure type and material of construction 
required for the area in which it is installed.  Reference the requirements in Part 2 herein, 
and the area designations indicated on the Drawings. 

 
B. All control components shall be mounted in a manner that will permit servicing, 

adjustment, testing, and removal without disconnecting, moving, or removing any other 
component.  Components mounted on the inside of panels shall be mounted on removable 
plates and not directly to the enclosure.  Mounting shall be rigid and stable unless shock 
mounting is required otherwise by the manufacturer to protect equipment from vibration.  
Component's mounting shall be oriented in accordance with the component 
manufacturer's and industries' standard practices.   
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C. Pilot devices shall be properly bonded to the equipment enclosure door where they are 
installed.  If proper bonding cannot be achieved through the locknuts that affix the device 
in place, a green colored bonding screw shall be provided on the pilot device.  The bonding 
screw shall be bonded to the equipment enclosure through the use of an insulated green 
bonding conductor. 

 
D. Local control station covers shall be bonded to the local control station enclosure through 

the use of an insulated green bonding conductor. 
 
E. Wiring to devices at each local control station shall be provided with enough slack to permit 

the local control station cover to be removed and pulled at least 6 inches away from the 
enclosure. 

 
F. Terminal strips, relays, timers, and similar devices shall not be installed on the rear of the 

panel/cabinet doors. Terminal strips, relays, timers, and similar devices shall not be 
installed on the side walls of panel/cabinet interiors without written permission from the 
Engineer. 

 
- END OF SECTION - 
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SECTION 17000 
 

CONTROL AND INFORMATION SYSTEM 
SCOPE AND GENERAL REQUIREMENTS 

 
 
 
PART 1 -- GENERAL 
 
1.01 SCOPE 
 

A. The Design/Builder shall provide all components not otherwise provided by the Owner, 
system installation services, as well as all required and specified ancillary services in 
connection with the Instrumentation, Control and Information System.  The System 
includes all materials, labor, tools, fees, charges and documentation required to furnish, 
install, test and place in operation a complete and operable instrumentation, control and 
information system as shown and/or specified.  The system shall include all measuring 
elements, signal converters, transmitters, local control panels, digital hardware and 
software, operator workstations, remote telemetry units, signal and data transmission 
systems, interconnecting wiring and such accessories as shown, specified, and/or 
required to provide the functions indicated. 

 
B. The scope of the work to be performed under this Division includes, but is not limited to, 

the following: 
 

 
1. Furnish and install process instrumentation and associated taps and supports as 

scheduled or shown on the Drawings, unless otherwise noted or supplied by 
equipment vendors. 

 
2. Furnish and install local control panels, field panels and associated cabinets and 

panels as shown on the Drawings and as specified in Division 17. 
 
3. The Owner shall be responsible for the following: 
 

a. Design and procurement of the Emerson digital control system hardware 
for the Demonstration Facility.   

 
b. Owner is utilizing existing DCS (Distributed Control System) software to 

configure the programming required to operate the Demonstration Facility. 
If any additional software is required, the Owner shall procure. 

 
c. Configuration of the existing Operator Workstations to include the new 

Demonstration Facility. 
 

d. Configuration of the existing data historian, alarm screens, trend screens 
and reports. 

 
e. Owner shall provide the 19” network hardware rack, network switches, 

routers, security system controller and UPS associated with the network 
cabinet located in the Demonstration Facility electrical room.  
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f. Owner shall prove the operator workstations (hardware and software), as 
shown on the Drawings, located in the Demonstration Facility control room 
and Owner personnel offices. 

 
4. Final termination and testing of all instrumentation and control system signal wiring 

and power supply wiring at equipment furnished under Division 17.  
 
5. Furnish, install and terminate all special cables (instruments, printers, telemetry, 

etc.).  Furnish and terminate control system communication network cables. 
 
6. Furnish and install surge protection devices for all digital equipment, local control 

panels, remote telemetry units, and instrumentation provided under this Division, 
including connections to grounding system(s) provided under Division 16. 

 
7. Coordination of grounding requirements with for all digital equipment, local control 

panels, and instrumentation provided under this Division.  Terminate grounding 
system cables at all equipment provided under this Division. 

 
8. Provide system testing, calibration, training and startup services as specified 

herein and as required to make all systems fully operational. 
 

C. It is the intent of the Contract Documents to construct a complete and working installation. 
Items of equipment or materials that may reasonably be assumed as necessary to 
accomplish this end shall be supplied by the appropriate party (i.e. Owner or 
Design/Builder) whether or not they are specifically stated herein. 

 
1.02 RELATED ITEMS 
 

A. Field mounted switches, torque switches, limit switches, gauges, valve and gate operator 
position transmitters, sump pump controls and other instrumentation and controls 
furnished with mechanical or electrical equipment not listed in the instrument schedule 
shall be furnished, installed, tested and calibrated as specified under other Divisions.   

 
B. Additional and related work performed under Division 16 includes the following: 

 
1. Instrument A.C. power source and disconnect switch for process instrumentation, 

A.C. grounding systems, and A.C. power supplies for all equipment, control panels 
and accessories furnished under Division 17. 

 
2. Conduit and raceways for all instrumentation and control system signal wiring, 

grounding systems, special cables and communication network cables. 
 
3. Instrumentation and control system signal wiring. 
 
4. Install control system communication network cables. 
 
5. Furnish and install grounding systems for all digital equipment, local control panels, 

and instrumentation provided under Division 17.  Grounding systems shall be 
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complete to the equipment provided under Division 17, ready for termination by 
the Design/Builder. 

 
6. Termination of all instrumentation and control system signal wiring at all equipment 

furnished under other divisions of the Specifications.   
 
7. Final wiring and termination to A.C. grounding systems and to A.C. power sources 

(e.g. panelboards, motor control centers, and other sources of electrical power). 
 

1.03 GENERAL INFORMATION AND DESCRIPTION 
 

A. Where manufacturers are named for a particular item of equipment, it is intended as a 
guide to acceptable quality and performance and does not exempt such equipment from 
the requirements of these Specifications or Drawings.  

 
B. The instrumentation and control system shall be capable of simultaneously implementing 

all real-time control and information system functions, and servicing all operator service 
requests as specified, without degrading the data handling and processing capability of 
any system component. 

 
C. Control system inputs and outputs are listed in the Input/Output Schedule.  This 

information, together with the functional control descriptions, process and instrumentation 
diagrams, and electrical control schematics, describes the real-time monitoring and 
control functions to be performed.  In addition, the system shall provide various 
man/machine interface and data reporting functions as specified in the software sections 
of this Specification. 
 

D. The mechanical, process, and electrical drawings indicate the approximate locations of 
field instruments, control panels, systems and equipment as well as field-mounted 
equipment provided by others.  The Design/Builder shall examine the mechanical, process 
and electrical drawings to determine actual size and locations of process connections and 
wiring requirements for instrumentation and controls furnished under this Contract.  The 
Design/Builder shall inspect all equipment, panels, instrumentation, controls and 
appurtenances either existing or furnished under other Divisions of the Specifications to 
determine all requirements to interface same with the control and information system.  The 
Design/Builder shall coordinate the completion of any required modifications with the 
associated supplier of the item furnished. 

 
E. The Design/Builder shall coordinate the efforts of each supplier to aid in interfacing all 

systems.   
 

F. The Design/Builder shall be responsible for providing a signal transmission system free 
from electrical interference that would be detrimental to the proper functioning of the 
instrumentation and control system equipment. 

 
G. The Owner shall have the right of access to the Design/Builder's facility and the facilities 

of his equipment suppliers to inspect materials and parts; witness inspections, tests and 
work in progress; and examine applicable design documents, records and certifications 
during any stage of design, fabrication and tests.   
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H. The terms "Instrumentation", "Instrumentation and Control System", and "Instrumentation, 
Control and Information System" shall hereinafter be defined as all equipment, labor, 
services and documents necessary to meet the intent of the Specifications. 

 
1.04 DEFINITIONS 
 

A. Solid State: Wherever the term solid state is used to describe circuitry or components in 
the Specifications, it is intended that the circuitry or components shall be of the type that 
convey electrons by means of solid materials such as crystals or that work on magnetic 
principles such as ferrite cores.  Vacuum tubes, gas tubes, slide wires, mechanical relays, 
stepping motors or other devices will not be considered as satisfying the requirements for 
solid state components of circuitry. 

 
B. Bit or Data Bit: Whenever the terms bit or data bit are used in the Specification, it is 

intended that one bit shall be equivalent to one binary digit of information.  In specifying 
data transmission rate, the bit rate or data bit rate shall be the number of binary digits 
transmitted per second and shall not necessarily be equal to either the maximum pulse 
rate or average pulse rate. 

 
C. Integrated Circuit: Integrated circuit shall mean the physical realization of a number of 

circuit elements inseparably associated on or within a continuous body to perform the 
function of a circuit. 

 
D. Abbreviations:  Specification abbreviations include the following: 

 

A - Availability 

ADC - Analog to Digital Converter 

AI  - Analog Input 

AO  - Analog Output 

AVAIL   - Available 

BCD - Binary Coded Decimal 

CSMA/CD - Carrier Sense Multiple Access/Collision Detect 

CPU - Central Processing Unit 

CRC - Cyclic Redundancy Check 

CRT - Cathode Ray Tube 

CS  - Control Strategy 

DAC - Digital to Analog Converter 

DBMS   - Data Base Management System 

DCS - Distributed Control System 

DCU - Distributed Control Unit 

DI  - Discrete Input 

DMA - Direct Memory Access 

DO  - Discrete Output 
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DPDT    - Double Pole, Double Throw 

DVE - Digital to Video Electronics 

EPROM - Erasable, Programmable Read Only Memory 

EWS - Engineering Work Station 

FDM - Frequency Division Multiplexing 

FSK - Frequency Shift Keyed 

HMI - Human Machine Interface (Software) 

I/O - Input/Output 

LAN - Local Area Network 

LDFW    - Lead-Follow 

MCC - Motor Control Center 

MTBF - Mean Time Between Failures 

MTTR - Mean Time To Repair 

OS - Operating System 

OWS - Operator Work Station 

PAC - Programmable Automation Controller 

PCB - Printed Circuit Board 

PID - Proportional Integral and Derivative Control 

PLC - Programmable Logic Controller 

PROM - Programmable Read Only Memory 

RAM - Random Access Memory 

RDY - Ready 

RMSS - Root Mean Square Summation 

RNG - Running 

ROM - Read Only Memory 

RTU - Remote Telemetry Unit 

SPDT - Single Pole, Double Throw 

ST/SP   - Start/Stop 

TDM - Time Division Multiplexing 

UPS - Uninterruptible Power Supply 

 
E. To minimize the number of characters in words used in textual descriptions on CRT 

displays, printouts and nameplates, abbreviations may be used subject to the Engineer's 
approval. If a specified abbreviation does not exist for a particular word, an abbreviation 
may be generated using the principles of masking and or vowel deletion.  Masking involves 
retaining the first and last letters in a word and deleting one or more characters (usually 
vowels) from the interior of the word. 
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1.05 ENVIRONMENTAL CONDITIONS 
 

A. Instrumentation equipment and enclosures shall be suitable for ambient conditions 
specified. All system elements shall operate properly in the presence of telephone lines, 
power lines, and electrical equipment. 

 
B. Inside control rooms and climate-controlled electrical rooms, the temperature will normally 

be 20 to 25 degrees C; relative humidity 40 to 80 percent without condensation and the 
air will be essentially free of corrosive contaminants and moisture.  Appropriate air filtering 
shall be provided to meet environmental conditions (i.e., for dust). 

 
C. Other indoor areas may not be air conditioned/heated; temperatures may range between 

0 and 40 degrees C with relative humidity between 40 and 95 percent. 
 

D. Field equipment including instrumentation and panels may be subjected to wind, rain, 
lightning, and corrosives in the environment, with ambient temperatures from -20 to 40 
degrees C and relative humidity from 10 to 100 percent.  All supports, brackets, 
interconnecting hardware, and fasteners shall be aluminum, type 316 stainless steel, or 
metal alloy as otherwise suitable for chemical resistance within chemical feed/storage 
areas shown on the installation detail drawings. 

 
 
PART 2 -- PRODUCTS 
 
2.01 NAMEPLATES 
 

A. All items of equipment listed in the instrument schedule, control panels, and all items of 
digital hardware shall be identified with nameplates.  Each nameplate shall be located so 
that it is readable from the normal observation position and is clearly associated with the 
device or devices it identifies.  Nameplates shall be positioned so that removal of the 
device for maintenance and repair shall not disturb the nameplate.  Nameplates shall 
include the equipment identification number and description.  Abbreviations of the 
description shall be subject to the Engineer's approval. 

 
B. Nameplates shall be made of 1/16-inch thick machine engraved laminated phenolic 

plastic having white numbers and letters not less than 3/16-inch high on a black 
background. 

 
C. Nameplates shall be attached to metal equipment by stainless steel screws and to other 

surfaces by an epoxy-based adhesive that is resistant to oil and moisture.  In cases where 
the label cannot be attached by the above methods, it shall be drilled and attached to the 
associated device by means of stainless steel wire. 

 
 

PART 3 -- EXECUTION 
 

 
3.01 CLEANING 
 

A. The Design/Builder shall thoroughly clean all soiled surfaces of installed equipment and 
materials. 
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B. Upon completion of the instrumentation and control work, the Design/Builder shall remove 
all surplus materials, rubbish, and debris that has accumulated during the construction 
work. The entire area shall be left neat, clean, and acceptable to the Owner. 

 
 
 
 

- END OF SECTION - 
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SECTION 17060 
 

SIGNAL COORDINATION REQUIREMENTS 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall conform to the signal coordination requirements specified herein. 
 

B. The Design/Builder shall be responsible for coordinating signal types and transmission 
requirements between the various parties providing equipment under this Contract.  This 
shall include, but not be limited to, distribution of appropriate shop drawings among the 
equipment suppliers. 

 
C. Analog signals shall be signals for transmitting process variables, etc. from instruments 

and to and from panels, equipment PLC's and the DCS (Distributed Control System). 
 

D. Discrete signals shall consist of contact closures or powered signals for transmitting 
status/alarm information and control commands between starters, panels, equipment 
PLC's, the DCS, etc.  

 
1.02 ANALOG SIGNAL TRANSMISSION 
 

A. Signal transmission between electric or electronic instruments, controllers, and all 
equipment and control devices shall be individually isolated, linear 4-20 milliamperes and 
shall operate at 24 volts D.C. 

 
B. Signal output from all transmitters and controllers shall be current regulated and shall not 

be affected by changes in load resistance within the unit's rating. 
 

C. All cable shields shall be grounded at one end only, at the control panel, with terminals 
bonded to the panel ground bus. 

 
D. Analog signal isolation and/or conversion shall be provided where necessary to interface 

with instrumentation, equipment controls, panels, and appurtenances. 
 

E. Non-standard transmission systems such as pulse duration, pulse rate, and voltage 
regulated shall not be permitted except where specifically noted in the Contract 
Documents. Where transmitters with nonstandard outputs do occur, their outputs shall be 
converted to an isolated, linear, 4-20 milliampere signal. 

 
F. The Design/Builder shall provide 24 V power supplies for analog signals and instruments 

where applicable and as required inside panels, controls, etc. 
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G. Where two-wire instruments transmit directly to the DCS, the Owner shall provide power 
supplies at the DCU control panels for those instruments. 

 
H. Where four-wire instruments with on-board loop power supplies transmit directly to the 

DCS, the Design/Builder shall provide necessary signal isolators or shall otherwise isolate 
the input from the DCS loop power supply.  Similar provisions shall be made when a third 
element such as a recorder, indicator, or single loop controller with integral loop power 
supply is included in the loop. 

 
1.03 DISCRETE INPUTS 
 

A. All discrete inputs to local control panel PLC(s) and the DCU, from field devices, starters, 
panels, etc., shall be unpowered (dry) contacts in the field device or equipment, powered 
from the PLC(s) or the DCU, unless specified otherwise. 

 
B. Sensing power (wetting voltage) supplied by the PLC(s) or the DCU shall be 24 VDC. 

 
1.04 DISCRETE OUTPUTS 
 

A. All discrete outputs from local control panel PLC(s) and the DCU to field devices, starters, 
panels, etc., shall be 24 VDC powered (sourced) from the DCU’s dry contact or relay 
outputs. 

 
B. DCS powered discrete outputs shall energize 24 VDC pilot relay coils in a single relay 

panel located in the Demonstration Facility Electrical room which in turn shall start/stop or 
open or close contacts in the associated control circuit. The relay panel shall be provided 
by the Design/Builder.  The Design/Builder shall coordinate the relay requirements with 
the specified the field device or starter. 

 
C. Where required or specified herein, discrete outputs from local control panel PLC(s) and 

the DCU to field devices, starters, panels, motor operated valves, etc., shall be dry contact 
or relay outputs. 

 
D. Outputs to solenoid valves shall be 120 VAC, powered from the local control panel PLC(s) 

and the DCUunless specified or shown otherwise. 
 
1.05 OTHER DISCRETE SIGNALS 
 

A. Discrete signals between starters, panels, etc. where no 24 VDC power supply is available 
may be 120 VAC, as long as such contacts are clearly identified in the starter, panel, etc. 
as being powered from a different power supply than other starter/panel components. 

 
B. Where applicable, warning signs shall be affixed inside the starter, panel, etc. stating that 

the panel is energized from multiple sources. 
 

C. Output contacts in the starter, panel, etc., that are powered from other locations shall be 
provided with special tags and/or color-coding.  Disconnecting terminal strips shall be 
provided for such contacts. 

 
D. The above requirements shall apply to all starters and panels, regardless of supplier. 
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PART 2 -- PRODUCTS 
 
2.01 PILOT RELAYS 
 

A. Pilot relays shall be supplied with the following: 
 
1. 24 VDC or 120 VAC coils, as required. 

 
2. At a minimum, DPDT contacts rated at 5 A, 120 VAC or 28 VDC. 

 
3. Sockets for 24 VDC and 120 VAC relays shall be of different configurations. 

 
4. Clips for attachment to sockets. 

 
5. Indicator lights that glow when the relay coil is powered. 

 
B. Pilot relays shall be as manufactured by IDEC, Square D, Allen Bradley, Potter & 

Brumfield, or equal. 
 
 
PART 3 -- EXECUTION 
 
(NOT USED) 
 
 
 

- END OF SECTION - 
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SECTION 17070 
 

CONTROL AND INFORMATION SYSTEM TESTING - GENERAL 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder and Owner shall test the Control and Information System as specified 
herein to demonstrate compliance with the Contract Documents. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 17000 – Control and Information System Scope and General Requirements 
 

B. Section 17072 – Field Testing 
 
1.03 SUBMITTALS 
 

A. For each of the specified tests, submit a test plan to the Engineer at least one (1) week in 
advance of commencement of the tests.  The test plan shall contain the following at a 
minimum: 

 
1. A schedule of all testing to be conducted. 
 
2. A brief description of the testing to be performed 
 
3. Test objectives. 
 
4. Testing criteria per the Specifications. 
 
5. Check lists and procedures for performing each of the specified tests. 
 
6. Sample test result documentation. 
 
7. Requirements for other parties. 
 

1.04 GENERAL REQUIREMENTS 
 

A. All system start-up and test activities shall follow detailed test procedures; check lists, etc., 
previously approved by the Owner and Engineer.   
 

B. The Design/Builder shall provide the services of experienced factory trained technicians, 
tools and equipment to field calibrate, test, inspect, and adjust all equipment in accordance 
with manufacturer's specifications and instructions. 
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C. The Design/Builder (or designee) shall maintain master logbooks for each phase of 
installation, startup and testing activities specified herein.  Each logbook shall include 
signal, loop or control strategy tag number, equipment identification, description and 
space for sign-off dates, Design/Builder signature and Owner signature.  Example test 
documentation specific to each phase of testing shall be approved prior to initiation of that 
testing, as specified hereinabove. 

 
D. All test data shall be recorded on test forms, previously approved by the Engineer.  When 

each test has been successfully completed, a certified copy of all test results shall be 
furnished to the Owner together with a clear and unequivocal statement that all specified 
test requirements have been met and that the system is operating in accordance with the 
Contract Documents. 

 
E. The Owner shall review test documentation in accordance with the Contract Documents 

and will give written notice of the acceptability of the tests within five (5) days of receipt of 
the test results. 

 
 
PART 2 -- PRODUCTS 
 
(NOT USED) 
 
 
PART 3 -- EXECUTION 
 
(NOT USED) 
 
 
 

- END OF SECTION - 
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SECTION 17072 
 

FIELD TESTING 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall perform field testing on DCS as specified herein to demonstrate 
compliance with the Contract Documents. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 17000 – Control and Information System Scope and General Requirements 
 

B. Section 17070 – Control and Information System Testing, General 
 
1.03 GENERAL REQUIREMENTS 
 

A. Control system start-up and testing shall be performed to ensure that all plant processes 
shall be systematically and safely placed under digital control in the following order: 

 
1. Primary elements such as transmitters and switch devices shall be calibrated and 

tested as specified in Sections 17600, 17700, and 17800 by the Design/Builder. 
 
2. Each final control element shall be individually tested as specified hereinafter by 

the Design/Builder with support from the Owner. 
 
3. Each control loop shall be tested as specified hereinafter by the Owner with 

support from the Design/Builder. 
 
4. Each control strategy shall be tested under automatic digital control as specified 

hereinafter by the Owner with support from the Design/Builder. 
 
5. The entire control system shall be tested for overall monitoring, control, 

communication, and information management functions, and demonstrated for 
system availability as specified hereinafter by the Owner with support from the 
Design/Builder. 

 
B. System start-up and test activities shall include the use of water, if necessary, to establish 

service conditions that simulate, to the greatest extent possible, normal operating 
conditions in terms of applied process loads, operating ranges and environmental 
conditions. 

 
C. Each phase of testing shall be fully and successfully completed and all associated 

documentation submitted and approved prior to the next phase being started.  Specific 
exceptions are allowed if written approval has been obtained in advance from the 
Engineer. 
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1.04 DESIGN/BUILDER'S RESPONSIBILITIES 
 

A. The Design/Builder shall ensure that all mechanical equipment, equipment control panels, 
local control panels, field instrumentation, control system equipment and related 
equipment and/or systems are tested for proper installation, adjusted and calibrated on a 
loop-by-loop basis prior to control system startup to verify that each is ready to function 
as specified.  Each test shall be witnessed, dated and signed off by both the 
Design/Builder (or designee) and the Owner upon satisfactory completion. 

 
B. The Design/Builder shall be responsible for coordination of meetings with all affected 

trades. A meeting shall be held each morning to review the day's test schedule with all 
affected trades. Similarly, a meeting shall be held each evening to review the day's test 
results and to review or revise the next day's test schedule as appropriate. 

 
C. The Design/Builder shall ensure that the conform to the start-up, test and sign-off 

procedures specified herein to assure proper function and coordination of all motor control 
center control and interlock circuitry and the transmission of all discrete and/or analog 
signals between equipment furnished by the Design/Builder and the control system 
specified herein. 

 
D. The Design/Builder shall ensure that the HVAC Subcontractor conforms to the start-up, 

test and sign-off procedures specified herein to assure proper function of all HVAC system 
control and interlock circuitry and the transmission of all discrete and/or analog signals 
between HVAC equipment and controls and the control system specified herein. 

 
1.05 FINAL CONTROL ELEMENT TESTING 
 

A. The proper control of all final control elements shall be verified by tests conducted in 
accordance with the requirements specified herein. 

 
B. All modulating final control elements shall be tested for appropriate speed or position 

response by applying power and input demand signals, and observing the equipment for 
proper direction and level of reaction.  Each final control element shall be tested at 0, 25, 
50, 75, and 100 percent of signal input level and the results checked against specified 
accuracy tolerances.  Final control elements, such as VFD’s, that require turndown limits 
shall be initially set during this test. 

 
C. All non-modulating final control elements shall be tested for appropriate position response 

by applying and simulating control signals, and observing the equipment for proper 
reaction. 

 
1.06 LOOP CHECKOUT 
 

A. Prior to control system startup and testing, each monitoring and control loop shall be 
tested on an individual basis from the primary element to the final element, including the 
operator workstation or loop controller level, for continuity and for proper operation and 
calibration. 
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B. Signals from transducers, sensors, and transmitters shall be utilized to verify control 
responses.  Simulated input data signals may be used subject to prior written approval by 
the Engineer.  All modes of control shall be exercised and checked for proper operation. 

 
C. The accuracy of all DAC's shall be verified by manually entering engineering unit data 

values at the operator workstation and then reading and recording the resulting analog 
output data. 

 
D. The accuracy of all ADC's shall be verified using field inputs or by manually applying input 

signals at the final controller, and then reading and recording the resulting analog input 
data at the operator workstation. 

 
E. Each loop tested shall be witnessed, dated and signed off by both the Design/Builder (or 

designee) and the Owner upon satisfactory completion. 
 
1.07 CONTROL SYSTEM STARTUP AND TESTING 
 

A. Control system startup and testing shall be performed to demonstrate complete 
compliance with all specified functional and operational requirements.  Testing activities 
shall include the simulation of both normal and abnormal operating conditions. 

 
B. All digital hardware shall be fully inspected and tested for function, operation and continuity 

of circuits.  All diagnostic programs shall be run to verify the proper operation of all digital 
equipment. 

 
C. Final control elements and ancillary equipment shall be tested under start-up and 

steady-state operating conditions to verify that proper and stable control is achieved using 
local area control panels, motor control center circuits, and local field mounted control 
circuits.  All hardwired control circuit interlocks and alarms shall be operational.  The 
control to final control elements and ancillary equipment shall be tested using both manual 
and automatic (where provided) control circuits. 

 
D. Signals from transducers, sensors, and transmitters shall be utilized to verify control 

responses for final control elements.  Simulated input data signals may be used subject 
to prior written approval by the Engineer. 

 
E. Each control strategy shall be tested to verify the proper operation of all required functions. 

The control system start-up and test activities shall include procedures for tuning all control 
loops incorporating PID control modules, and for adjusting and testing all control loops as 
required to verify specified performance. 

 
F. The control system start-up and test activities shall include running tests to prove that the 

Instrumentation, Control and Information System is capable of continuously, safely and 
reliably regulating processes, as required by the Contract, under service conditions that 
simulate, to the greatest extent possible, normal plant operating ranges and environmental 
conditions. 
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G. A witnessed functional acceptance test shall be performed to demonstrate satisfactory 
performance of individual monitoring and control loops and control strategies.  At least 
one test shall be performed to verify that the control and instrumentation system is capable 
of simultaneously implementing all specified operations.   

 
H. Each loop and control strategy test shall be witnessed and signed off by both the 

Design/Builder (or designee) and the Owner upon satisfactory completion. 
 
1.08 FACILITY STARTUP COORDINATION 
 

A. Facility start-up shall comply with requirements specified in the Contract Documents and 
those requirements specified herein.  Facility start-up shall commence after all previously 
described start-up and test activities have been successfully completed and shall 
demonstrate that the Instrumentation, Control and Information System can meet all 
Contract requirements with equipment operating over full operating ranges under actual 
operating conditions. 

 
B. The control system start-up period shall be coordinated with process startup activities and 

shall be extended as required until all plant processes are fully operational and to satisfy 
the Owner that all control system Contract requirements have been fulfilled in accordance 
with the Contract Documents. 

 
C. The Design/Builder's personnel shall be resident at the facility to provide both full time 

(eight hours/day, five days/week) and 24 hours on call (seven days/week) support of 
operating and maintenance activities for the duration of the start-up period. 

 
D. At least one qualified control systems technician shall be provided for control system 

startup and test activities (at least two when loop checkout is being performed). 
 
 
PART 2 -- PRODUCTS 
 
(NOT USED) 
 
 
PART 3 -- EXECUTION 
 
(NOT USED) 
 
 
 

- END OF SECTION - 
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SECTION 17080 
 

QUALITY ASSURANCE 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. It is the intent of these Specifications and Drawings to secure high quality in all materials, 
equipment and workmanship in order to facilitate operations and maintenance of the 
facility.  The Design/Builder shall provide equipment and services to meet this intent. 

 
1.02 REFERENCE SPECIFICATIONS, CODES AND STANDARDS 
 

A. All work shall be installed in accordance with the National Electric Code, National Electric 
Safety Code, OSHA, State, local and other applicable codes. 

 
1.03 QUALITY ASSURANCE - GENERAL 
 

A. All equipment and materials shall be new and the products of reputable recognized 
suppliers having adequate experience in the manufacture of these particular items. 

 
B. For uniformity, only one manufacturer will be accepted for each type of product. 

 
C. All equipment shall be designed for the service intended and shall be of rugged 

construction, of ample strength for all stresses that may occur during fabrication, 
transportation, and erection as well as during continuous or intermittent operation.  They 
shall be adequately stayed, braced and anchored and shall be installed in a neat and 
workmanlike manner.  Appearance and safety, as well as utility, shall be given 
consideration in the design of details. 

 
D. All components and devices installed shall be standard items of industrial grade, unless 

otherwise noted, which shall be of sturdy and durable construction and be suitable for 
long, trouble-free service. 

 
E. Electronic components shall be de-rated to assure dependability and long-term stability. 

 
F. Printed circuit boards in field mounted equipment shall be suitable for the specified 

environmental conditions. 
 

G. Alignment and adjustments shall be non-critical, stable with temperature changes or aging 
and accomplished with premium grade potentiometers. 

 
H. Components of specially selected values shall not be inserted into standard electronic 

assemblies in order to meet the performance requirements of this specification. 
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1.04 SHIPPING HANDLING AND STORAGE 
 

A. In addition to shipping, handling and storage requirements specified elsewhere in the 
Contract Documents, air conditioning/heating shall be provided for storage of all field 
instrumentation, panels, digital equipment and ancillary devices to maintain temperatures 
between 20 and 25 degrees C and relative humidity 40 to 60 percent without 
condensation. The air shall be filtered and free of corrosive contaminants and moisture. 

 
1.05 FABRICATION 
 

A. Fabrication of all equipment shall conform to the codes and standards outlined in this 
Section, and other portions of the Contract Documents. 

 
B. The Engineer may inspect the fabricated equipment at the factory before shipment to job 

site. The Design/Builder shall provide the Owner with sufficient prior notice so that an 
inspection can be arranged at the factory.  Inspection of the equipment at the factory by 
the Owner will be made after the manufacturer has performed satisfactory checks, 
adjustments, tests and operations. 

 
C. Equipment approval at the factory only allows the equipment to be shipped to the project 

site.  The Design/Builder shall provide for the proper storage, installation and satisfactory 
start-up and operation of the equipment to the satisfaction of the equipment manufacturer, 
the Design/Builder, and the Owner. 

 
1.06 INSTALLATION 
 

A. All instrumentation and control system installation work, whether new construction or 
modifications to existing equipment/panels/structures, shall conform to the codes and 
standards outlined in this Section, and other portions of the Contract Documents. 

 
B. The Design/Builder shall assign a competent representative who shall provide 

coordination and supervision of all on-site instrumentation and control system construction 
work from commencement of construction through completion and final acceptance. 

 
C. All labor shall be performed by qualified craftsmen in accordance with the standards of 

workmanship in their profession and shall have had a minimum of three years of 
documented experience on similar projects. 

 
D. All equipment and materials shall fit properly in their installations.  Any required work to 

correct improperly fit installations shall be performed at no additional expense to the 
Owner. 
 

E. All work shall be performed in a neat and workmanlike manner. All hardware and 
instrumentation shall be installed in accordance with requirements specified herein, in 
accordance with industry best practices, in accordance with manufacturers’ 
recommendations, and in a manner suitable for ease of operation, inspection, and 
maintenance.  All wiring shall be neatly bundled, run in wireway, and terminated.  All spare 
wiring shall be neatly coiled and clearly labeled at both ends for future use by the Owner.  
Any work not meeting these requirements shall be corrected at no expense to the Owner. 
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F. Sufficient common-mode and differential-mode noise rejection shall be provided to insure 
operation of the plant process control system to meet all specification requirements.  
General practice shall include: 

 
1. Maintaining crossings between noisy wires and signal wires at right angles. 
 
2. Maintaining separation between noisy wires and signal wires as wide as practical. 
 
3. Grounding all signals, shields and power supplies at the process control unit or 

local control panel. 
 
4. Providing passive filters on signals with time constant compatible with scan 

intervals and overvoltage protection. 
 
5. Eliminating cable splices.  All splices in instrumentation and control system signal 

and network cables shall be approved in advance by the Engineer. 
 
6. Providing a floating output for transmitters that have their own power sources. 
 

G. DC and AC power grounding shall be performed in accordance with the digital hardware 
manufacturer's recommendations as well as all applicable code requirements. 
 

H. The case of each field instrument and control panel shall be grounded in compliance with 
the National Electric Code. 
 

I. Power wires shall be separated from parallel-running signal wires by the following 
minimum spacing: 

 

CIRCUIT 
VOLTAGE (VAC) 

MINIMUM 
SPACING (IN.) 

 
120 

 
12 

240 18 

480 18 

2000 and above 24 
 

J. The Design/Builder shall provide all required cutting, drilling, inserts, supports, bolts, and 
anchors, and shall securely attach all equipment and materials to their supports.  
Embedded supports for equipment furnished under this Division shall be provided and 
installed as shown specified herein and shown on the Drawings. 

 

K. Following acceptance of the factory tests by the Owner, and in accordance with the 
construction schedule, the Design/Builder shall commence installation of the digital control 
system hardware.  Digital system equipment items shall not be installed, however, until all 
architectural, mechanical, HVAC and electrical work has been completed in the equipment 
rooms, MCC's, control rooms and all structural and/or mechanical work has been 
completed within 50 feet of equipment locations.  

 
L. Upon completion of the above construction work, the Design/Builder shall request an 

inspection of the above-named areas.  The Engineer will issue a written approval to 
proceed with delivery and installation only after being satisfied that all work described 
above has been properly performed.  Digital equipment shall remain at the factory site or 
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storage prior to approval for delivery to the project site.  Partial shipments may be required 
to meet construction schedule requirements. 

 
 
PART 2 -- PRODUCTS 
 
(NOT USED) 
 
 
PART 3 -- EXECUTION 
 
(NOT USED) 
 
 
 

- END OF SECTION - 
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SECTION 17126 
 

OPERATOR INTERFACE UNITS – GRAPHICS STANDARDS 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 

A. Detailed graphic display development shall incorporate, but not be limited, to the attached 
HRSD DCS/Graphics Standards. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 11500 – UV Disinfection Equipment 
 

B. Section 11700 – Ozonation System 
 
 
PART 2 -- PRODUCTS 
 
2.01 NOT USED 
 
 
PART 3 -- EXECUTION 
 
3.01 REQUIREMENTS 
 

A. Graphical interface design, implementation and checkout shall satisfy the requirements 
specified in the appropriate Sections of 11500 and 11700. 
 

B. Suppliers of the UV Disinfection Equipment and the Ozonation System shall coordinate 
valve and equipment status graphics conventions in accordance with the referenced 
standards.  Examples of status are as follows: 
 

Color Function 
 
Red Running (Open) 
Green Stopped or Off (Closed) 
Yellow Failed (Valve Travel) 

 
C. All other screen, text, or other conventions included in the referenced standard are not 

applicable. 
 
 
 

- END OF SECTION - 
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SECTION 17185 
 

DATA HIGHWAY NETWORK 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish, test, install and place in satisfactory operation one data 
highway network, with all spare parts, accessories, and appurtenances as herein specified 
and as shown on the Drawings. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 17000 – Control and Information System Scope and General Requirements 
 
PART 2 -- PRODUCTS 
 
2.01 DATA HIGHWAY NETWORK - GENERAL 
 

A. A data highway network shall be used for communications between PLC(s), DCU, and 
operator workstations.  Network configuration shall be as shown on the Control System 
Block Diagram.  The data highway network shall be peer-to-peer communication.  The 
Design/Builder may provide a network configuration different from that shown in the Contract 
Drawing with written approval of the Engineer. 

 
B. PLC data highway networks and remote I/O links shall be fiber optic media, unless 

specifically noted on the Control System Network Architecture Drawing. 
 

C. Bi-directional communications between the network and network connected equipment shall 
be provided by network interface units.  The network interface units shall include all required 
modems, communications processors and memories to provide a transparent interface 
between the data highway network and the connected devices. 

 
D. The data highway system hardware, software, and firmware shall be provided by the Owner. 

 
 
2.02 DATA HIGHWAY COMMUNICATIONS INTERFACE 
 

A. Each device connected to the data highway network shall be equipped with its own network 
interface unit. 

 
B. Each individual PLC shall be connected to the network via a dedicated port on its CPU 

module or a separate network interface module, and, where required, a fiber optic 
transceiver. 

 
C. Bi-directional communications between the data highway and data highway connected 

equipment shall be provided by the data highway communications interface subsystem.  
Each highway communications interface shall include all required modems, optical 
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transceivers, communications processors and memories to provide a transparent interface 
between the data highway(s) and each individually connected device. 

 
2.03 FIBER OPTIC CABLE 
 

A. Fiber optic cable shall conform to the following specifications: 
 

1. Fiber Type: Graded Index (GI) Multimode 

2. Fiber/Cladding Diameter: 62.5/125 microns 

3. No. Fibers: 12, Color-coded 

4. Cable Construction: Loose Tube w/ Ripcords 

5. Filling: Water Swellable Dry Block 

6. Armored: No  

7. Central Member: Dielectric (Kevlar) 

8. Rating: Gigabit Ethernet 

9. Bandwidth: 200/500 MHz-km at 850/1300 nm 

10. Maximum Attenuation: 3.5/1.0 dB/km at 850/1300 nm 

11. Application Type: Direct-burial/Conduit/Aerial 

12. Sheath: UV Resistant 

13. Max. Tensile Load: 600 lb (2700 N) installation; 

  200 lb (890 N) long term 

14. Minimum Bend Radius: 7 in (17.4 cm) under maximum tensile load;  

  4.6 in (11.6 cm) unloaded (installed) 

15. Operating Temperature:  -40 to 70 degrees C 

16. Operating Relative Humidity: 0-100% 
 
B. Fiber optic cable shall be ALTOS All Dielectric Loose Tube Optical Cable as manufactured 

by Corning Cable Systems, the Extended Performance Fiber Optic Cable Series as 
manufactured by Phoenix Digital, Inc., Belden equivalent, or equal. 

 
C. Where cable is required to be routed to numerous, separate destinations within a building, 

loose tube cable shall be broken out immediately upon entering the building, terminated in a 
patch panel, and tight buffered, plenum rated cable shall be routed to the individual 
destinations.  Building patch panels shall be Wall-Mountable Interconnect Center (WIC) or 
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Premises Interconnect Center (PIC) as manufactured by Corning Cable Systems, equivalent 
by Black Box, Inc., or approved equal. 

 
D. Fiber optic cable for installation within buildings shall comply with all applicable fire and 

building safety codes for such applications. 
 
E. Fiber optic cable shall utilize mechanically spliced, field installable, ST compatible 

connectors.  Connections shall have a typical loss of 0.35 dB or better and shall provide 
stable optical performance after numerous rematings.  Connections shall utilize physical 
contact terminations utilizing UV or heat cured adhesive.  Field terminations shall use a 
simple procedure requiring minimal training.  Provide field terminations on all fibers at both 
ends of the fiber optic cable, for a total of 24 field terminated fiber ends. 

 
 
PART 3 -- EXECUTION 
 
3.01 REQUIREMENTS 
 

A. Fiber optic cable and appurtenances shall be installed in strict accordance with the 
manufacturer’s requirements. 

 
B. Refer to Section 17000 for further information. 

 
 
 

- END OF SECTION - 
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SECTION 17500 
 

ENCLOSURES, GENERAL 
 
 
 
PART 1 -- GENERAL 
  
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish, test, install and place in satisfactory operation the control 
enclosures, with all spare parts, accessories, and appurtenances as specified herein and as 
shown on the Drawings. 

 
B. All components and all necessary accessories such as power supplies, conditioning 

equipment, mounting hardware, signal input and output terminal blocks, and plug strips that 
may be required to complete the system shall be provided. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 17000 – Control and Information System Scope and General Requirements 
 

B. Section 17510 – Cabinets and Panels 
 

C. Section 17520 – Field Panels 
 

D. Section 17550 – Panel Instruments and Accessories 
 

E. Section 17560 – Transient Voltage Surge Suppression Devices 
 

F. Section 17600 – Unpowered Instruments, General 
 

G. Section 17700 – Powered Instruments, General 
 

H. Section 17800 – Analytical Instruments, General 
 

I. Refer to Division 16 for additional requirements for cable, circuit breakers, disconnect 
switches, etc. 

 
1.03 GENERAL INFORMATION AND DESCRIPTION 
 

A. The cabinet itself and all interior and exterior equipment shall be identified with nameplates. 
The equipment shall be mounted such that service can occur without removal of other 
equipment.  Face mounted equipment shall be flush or semi-flush mounted with flat black 
escutcheons.  All equipment shall be accessible such that adjustments can be made while 
the equipment is in service and operating.  All enclosures shall fit within the allocated space 
as shown on the Drawings. 

 
B. Either manufacturer-standard or custom cabinetry may be furnished subject to the 

requirements of the Contract Documents and favorable review by the Owner. 
 

C. Due consideration shall be given to installation requirements for enclosures in new and 
existing structures.  The Design/Builder shall examine plans and/or field inspect new and 
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existing structures as required to determine installation requirements, and shall coordinate 
the installation of all enclosures with the Owner.  The Design/Builder shall be responsible for 
all costs associated with installation of enclosures, including repair of damage to structures 
(incidental, accidental or unavoidable). 

 
1.04 TOOLS, SUPPLIES AND SPARE PARTS 
 

A. Spare parts items shall be provided as specified in the individual cabinet and panel 
specification sections. 

 
 
PART 2 -- PRODUCTS 
 
2.01 TERMINAL BLOCKS 
 

A. Terminal blocks shall be assembled on non-current carrying galvanized steel DIN mounting 
rails securely bolted to the cabinet subpanel.  Terminals shall be of the screw down pressure 
plate type as manufactured by Phoenix Contact, Wieland, Square D, or equal. 

 
B. Power terminal blocks shall be single tier with a minimum rating of 600 volts, 30 amps. 

 
C. Signal terminal blocks shall be single tier with a minimum rating of 600 volts, 20 amps. 

 
 
PART 3 -- EXECUTION 
 
3.01 FABRICATION 
 

A. Enclosures shall provide mounting for power supplies, control equipment, input/output 
subsystems, panel mounted equipment and appurtenances.  Ample space shall be provided 
between equipment to facilitate servicing and cooling. 

 
B. Enclosures shall be sized to adequately dissipate heat generated by equipment mounted 

inside the panel.  If required, one or more of the following shall be provided to facilitate 
cooling: 

 
1. Louvered openings near the bottom and top (NEMA 12 cabinets only). 
 

2. Thermostatically controlled, low noise internal air blowers (initial setpoint 75F) to 
circulate air within the enclosure, maintaining a uniform internal temperature.   

 
3. Thermostatically controlled, low-noise cooling fans to circulate outside air into the 

enclosure, exhausting through louvers near the top of the cabinet (NEMA 12 
cabinets only).  Air velocities through the enclosure shall be minimized to assure 
quiet operation. 

 
4. All openings in cabinets and panels shall be fitted with dust filters. 
 

C. Enclosures shall be constructed so that no screws or bolt heads are visible when viewed 
from the front.  Punch cutouts for instruments and other devices shall be cut, punched, or 
drilled and smoothly finished with rounded edges. 
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D. The temperature inside each enclosure containing digital hardware (i.e., cabinet, panel or 
console) shall be continuously monitored and shall generate an alarm to the nearest PLC if 
the temperature rises to an adjustable, preset high temperature. 

 
E. Terminals shall be marked with a permanent, continuous marking strip.  One side of each 

terminal shall be reserved exclusively for field incoming conductors.  Common connections 
and jumpers required for internal wiring shall not be made on the field side of the terminal. 
Subject to the approval of the Engineer, a vendor's pre-engineered and prefabricated wiring 
termination system will be acceptable. 

 
F. Wiring shall comply with accepted standard instrumentation and electrical practices.  Power, 

control and signal wiring shall comply with Division 16 of the specifications.  For each pair of 
parallel terminal blocks, the field wiring shall be between the blocks. 

 
G. Separate terminal strips shall be provided for each type of power and signal used within 

each cabinet. 
 

H. All wiring shall be bundled and run open or enclosed in vented plastic wireway as required. 
Wireways shall be oversized by a minimum of 10%; overfilled wireways shall not be 
acceptable.  All conductors run open shall be bundled and bound at regular intervals, not 
exceeding 12 inches, with nylon cable ties.  Care shall be taken to separate electronic 
signal, discrete signal, and power wiring. 

 
I. A copper 120 VAC ground bus shall be installed in each cabinet, and shall be connected to 

the building power ground.  A separate, isolated copper ground bus shall be installed in 
each cabinet for the logic (24 VDC) ground.  Both ground buses shall be clearly labeled as 
to voltage and function.   

 
J. Interior panel wiring and field wiring shall be tagged at all terminations with machine-printed 

plastic sleeves.  The wire numbering system and identification tags shall be as specified in 
Section 16123 - Low Wire and Cable.  Where applicable, the wire number shall be the ID 
number listed in the input/output schedules. 

 

K. Wires shall be color coded as follows: 
 

Equipment Ground - GREEN 
 

120 VAC Power - BLACK 
120 VAC Power Neutral - WHITE 

 

120 VAC Control (Internally Powered) - RED 
120 VAC Control (Externally Powered) - YELLOW 

 

24 VAC Control - ORANGE 
 

DC Power (+) - RED 
DC Power (-) - BLACK 
DC Control - BLUE 

 

Analog Signal – BLACK/WHITE or BLACK/RED 
 

L. Enclosures shall be provided with a main circuit breaker and a circuit breaker on each 
individual branch circuit distributed from the panel.  Main breaker and branch breaker sizes 
shall be coordinated such that an overload in a branch circuit will trip only the branch 
breaker but not the main breaker. 



Sustainable Water Phase 3 –  Enclosures General – REV 0 
Demonstration Facility 17500-4 IFC June 2017   17500-4      May 2017 

 
M. Enclosures with any dimension larger than 36 inches shall be provided with 120-volt duplex 

receptacles for service equipment and fluorescent service lights.  Power to these devices 
shall be independent from the PLC power supply and its associated uninterruptible power 
system. 

 
N. Where applicable, enclosures shall be furnished with red laminated plastic warning signs in 

each section.  The sign shall be inscribed "WARNING - This Device Is Connected to Multiple 
Sources of Power".  Letters in the word "WARNING" shall be 0.75 inch high, white. 

 
O. The interconnection between equipment and panel shall be by means of flexible cables 

provided to permit withdrawal of the equipment from the cabinet without disconnecting the 
plugs. 

 
3.02 PAINTING 
 

A. All steel enclosures shall be free from dirt, grease, and burrs and shall be treated with a 
phosphatizing metal conditioner before painting.  All surfaces shall be filled, sanded, and 
finish coated by spraying a 1-2 mil epoxy prime coat and smooth, level, high grade textured 
finish between flat and semi-gloss shine.  The colors shall be selected by the Owner from a 
minimum of six color samples provided.  Refer to Division 9 for additional requirements. 

 
B. Materials and techniques shall be of types specifically designed to produce a finish of 

superior quality with respect to adherence, as well as impact and corrosion resistance. 
 

C. Panels fabricated from stainless steel shall not be painted. 
 
3.03 INSTALLATION 
 

A. Refer to Section 17000 for additional requirements. 
 
 
 

- END OF SECTION - 
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SECTION 17510 
 

CABINETS AND PANELS 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish, test, install and place in satisfactory operation the cabinets 
and panels, with all spare parts, accessories, and appurtenances as specified herein and as 
shown on the Drawings. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 17000 – Control and Information System Scope and General Requirements 
 

B. Section 17500 – Enclosures, General 
 
 
PART 2 -- PRODUCTS 
 
2.01 CABINETS AND PANELS 
 

A. Cabinets and panels shall be formed or welded construction, reinforced with Unistrut, 
Powerstrut, or equal to facilitate mounting of internal components or equipment.  Sufficient 
access plates and doors shall be provided to facilitate maintenance and testing of the 
cabinet's equipment.  Doors shall be removable.  Cabinets and panels with any dimension 
36 inches or greater shall be provided with removable lifting lugs designed to facilitate safe 
moving and lifting of the panel during installation.  All doors shall be fitted with common-
keyed locks. 

 
B. Cabinets and panels shall be minimum 14 USS gauge.  Cabinets and panels with any 

dimension greater than 36 inches shall be 12 USS gauge. 
 

C. Unless otherwise specified, cabinets and panels located inside buildings, but located in 
areas other than climate controlled (heated and air conditioned) electrical or control rooms, 
shall be as a minimum 316 stainless steel NEMA 4X construction, or as specified or shown 
on the Drawings for hazardous area classification (Class, Division, Group), or submersible 
(NEMA 6) applications.  Epoxy coated cast copper-free aluminum construction shall also be 
acceptable for NEMA 4, 6 and 7 applications.  Cabinets located in chlorine storage/feed 
areas shall be of non-metallic, FRP construction, rated NEMA 4X. 

 
D. Cabinets and panels within climate controlled (heated and air-conditioned) electrical or 

control rooms shall be all steel fully enclosed NEMA 12 units with gasketed doors. 
 

E. Cabinets and panels shall have doors on the front and shall be designed for front access. 
NEMA 12 cabinets shall be fitted with three-point door latches.  Door latches for NEMA 4X 
cabinets shall be all stainless steel, fast operating clamp assemblies that do not require bolts 
or screws to secure.  Door hardware on NEMA 4X cabinets located in chlorine storage/feed 
areas shall be non-corrosive in that environment. 
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F. Panels and cabinets located outside fence-secured areas shall be fitted with padlockable 

latch kits. 
 

G. All cabinets and panels shall be provided with drawing pockets for as-built panel drawings. 
One copy of the appropriate panel as-built drawings shall be furnished and left in the pocket 
of each panel. 

 
H. Panels with any dimension greater than 36 inches that contain a programmable controller 

(PLC) shall be provided with a folding laptop programmer shelf on the inside of the door. 
 

I. Cabinets and panels shall be prefabricated cabinets and panels by Hoffman or Rittal.  The 
Design/Builder may optionally provide cabinets that are custom- by a reputable panel 
fabrication shop acceptable to the Engineer. 

 
 
PART 3 -- EXECUTION 
 
3.01 REQUIREMENTS 
 

A. Refer to Section 17500 for additional requirements. 
 
 
 

- END OF SECTION - 
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SECTION 17520 
 

FIELD PANELS 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish, test, install and place in satisfactory operation the field 
panels, with all spare parts, accessories, and appurtenances as specified herein and as 
shown on the Drawings. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 17000 – Control and Information System Scope and General Requirements 
 

B. Section 17500 – Enclosures, General 
 
 
PART 2 -- PRODUCTS 
 
2.01 FIELD PANELS 
 

A. Field panels for outdoor service shall be suitable for wall or pipe mounting.  Panels shall 
have the following features: 

 
1. 316L stainless steel NEMA 4X construction. 
 
2. A hinged and gasketed door.  Door latches shall be all stainless steel, fast operating 

clamp assemblies that do not require bolts or screws to secure. 
 
3. Field panels located outside fence-secured areas shall be fitted with padlockable 

latch kits. 
 
4. Thermal insulation and thermostatically controlled space heaters.   
 
5. External sun shields or shades constructed of the same materials as the associated 

enclosure, unless otherwise specified. 
 

B. All external sample/process piping, including valves and appurtenances, shall be insulated 
with weather-proof insulation and heat-taped to prevent freezing.  Heat taping shall be 
thermostatically controlled and self-regulating, and shall adjust its heat output to the 
temperature of the lines. 

 
C. Field panels shall be adequately sized to house instruments, power supplies, surge 

protection, and appurtenant equipment.  Sufficient space shall be provided for servicing 
instruments without removal of equipment from the enclosure. 

 
D. Field panels shall be as manufactured by Hoffman, Rittal, Hammond, or equal. 
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PART 3 -- EXECUTION 
 
3.01 REQUIREMENTS 
 

A. Refer to Section 17500 for additional requirements. 
 
 
 

- END OF SECTION - 
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SECTION 17550 
 

PANEL INSTRUMENTS AND ACCESSORIES 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish, test, install and place in satisfactory operation the panel 
instruments and accessories, with all spare parts, accessories, and appurtenances as 
specified herein and as shown on the Drawings. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 17000 – Control and Information System Scope and General Requirements 
 

B. Section 17500 – Enclosures, General 
 
1.03 GENERAL INFORMATION AND DESCRIPTION 
 

A. All equipment mounted on the face of a panel shall conform to the same NEMA rating 
specified for the panel construction.  

 
 
PART 2 -- PRODUCTS 
 
2.01 ELECTRONIC INDICATORS 
 

A. Electronic indicators shall be 3.5 or 6 digit, as appropriate, with 0.56" high red LED display. 
Indicators shall be provided with nameplate and scale calibrated to match the calibration of 
the primary element.  The unit shall be designed primarily for use with 4-20 mA current loop 
signal circuits.  Indicator operating voltage shall be 115 VAC 10%, 60 Hz.  Indicator controls 
shall include three (3) front-panel pushbuttons for modifying alarm values and other indicator 
setup.  Two (2) form-C relays shall be provided for each indicator.  Relay contact outputs 
shall be rated 5A, 120/240 VAC, resistive load.  Where required, a regulated and isolated 24 
V excitation power supply shall be provided.  Indicators shall be Red Lion Model IMP or 
APLCL, or equal.  
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2.02 SIGNAL CONVERTERS 
 

A. Signal converters shall be provided as required to provide control functions and to interface 
instrumentation and controls, equipment panels, motor control centers and other 
instrumentation and controls supplied under other Divisions to the controls provided herein. 

 
B. General Requirements – Converters shall be of the miniature type, utilizing all solid state 

circuitry suitable for mounting within new or existing cabinetry.  Where sufficient cabinet 
space is not available, sub panels or supplemental enclosures shall be provided.  Power 
supply shall be 120V, 60 hertz where required by the converter.  Repeatability shall be 0.1% 
of span, deadband shall be 0.1% span, maximum.  Where specific converters are not listed, 
but are required to interface with the process control system, they shall comply with the 
general requirements stated herein. 

 
C. Current to Current Isolators – Current to current isolators shall be furnished where necessary 

to provide an isolated current loop, calculations or signal amplification between the plant 
process control system and instrumentation and control loops.  Isolators shall be sized such 
that resistance of existing loops shall not exceed maximum rated resistance.  Isolators shall 
be as manufactured by AGM, Moore Industries, Rochester Instrument Systems (RIS), or 
equal. 

 
D. Voltage to Current Transducers – Voltage to current (or current to voltage) transducers shall 

convert a voltage signal of one magnitude to a 4-20 milliamp DC current signal.  The output 
current shall be directly proportional to the input signal voltage.  Transducers shall be sized 
such that loop resistance does not exceed maximum rated resistance.  Transducers shall be 
as manufactured by AGM, Moore Industries, Rochester Instrument Systems (RIS), or equal. 

 
E. Frequency to Current Transducers – Frequency to current transducers shall convert 

pulse-rate and pulse-duration signals to 4-20 mA, 24 VDC analog signals.  Converters shall 
include field-adjustable input frequency range.  Converter power shall be 120 VAC, 60 hertz. 
Transducers shall be sized such that loop resistance does not exceed maximum rated 
resistance.  Transducers shall be suitable for signal transmission via leased telephone lines. 
Transducers shall be Timeverter as manufactured by AGM, Moore Industries equivalent, 
Rochester Instrument Systems (RIS) equivalent, or equal. 

 
F. Current to Frequency Transducers – Current to frequency transducers shall convert 4-20 

mA, 24 VDC analog signals to pulse-rate and pulse-duration signals.  Converters shall 
include field-adjustable output frequency range.  Converter power shall be 120 VAC, 60 
hertz. Transducers shall be sized such that loop resistance does not exceed maximum rated 
resistance.  Transducers shall be suitable for signal transmission via leased telephone lines. 
Transducers shall be Quantimer as manufactured by AGM, Moore Industries equivalent, 
Rochester Instrument Systems (RIS) equivalent, or equal. 

 
G. Integrators – Integrators shall be provided as interchangeable plug-in modules with zero and 

span adjustment available on the front plate of the units.  Output shall range from 0 to 0.1 
through 0 to 10 pulses per second.  Accuracy shall be + 0.1% of input span.  Integrators 
shall convert linear analog signals to pulse rate and provide a solid-state output.  Integrators 
shall be as manufactured by AGM Electronics, Moore Industries, Rochester Instrument 
Systems (RIS), or equal. 
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H. Electronic Switches (Alarm Relays) – Electronic switches shall be furnished with a calibrated 
dial for adjusting set points. The input to the switch shall be 4-20 mADC, and the set point 
shall be adjustable over the full range.  Unless otherwise noted, the dead band shall be fixed 
at less than 2 percent of span.  The set point stability shall be +0.1% per degree F.  The 
repeatability shall be +0.1% of span.  The units shall be furnished with SPDT relays rated at 
10 amperes at 115 VAC.  Electronic switches shall be as manufactured by AGM, Moore 
Industries, Rochester Instrument Systems (RIS), or equal. 

 
I. RTD to Current Signal Converters – RTD to current signal converters shall convert a 3-wire 

RTD input signal to an isolated 4-20 mADC output signal.  Each converter shall operate from 
a 120 VAC power source.  Accuracy shall be 0.10 percent of span or better.  Calibrated 
span of each converter shall be as indicated on the instrument list.  The Design/Builder shall 
coordinate calibration of the signal converters with existing RTD elements.  The signal 
converters shall be furnished in the manufacturer's standard enclosure for installation in an 
existing indoor electrical cabinet.  Signal converters shall be as manufactured by AGM, 
Moore Industries, Rochester Instrument Systems (RIS), or equal. 

 
J. Interposing Relays – Where required to interface between motor control centers, equipment 

controls, and control panels, interposing relays and associated control wiring circuitry shall 
be furnished and installed to provide the monitoring and/or control functions specified herein. 
Interposing relays shall be miniature type, DPDT, minimum 10 amp, 120 VAC contact rating. 
Relay coils shall be 120 VAC or 24 VDC as required.  Relays shall be Type KU as 
manufactured by Square D, Potter & Brumfield, Allen-Bradley, or equal. 
 

K. Timing Relays – Timing Relays (TR) shall be the general purpose plug-in type, Type JCK as 
manufactured by Square D Company, Cutler-Hammer/Westinghouse Electric Corporation 
equivalent, Allen-Bradley equivalent, or equal.  Timing relays shall be electronic type with 
120 VAC coils unless otherwise specified or indicated on the Drawings.  Timers shall be 
provided with a minimum of two SPDT timed output contacts and instantaneous contacts 
where required.  Contact ratings shall be the same as for interposing relays as specified 
above. 

 
L. Intrinsically Safe Relays and Barriers – Intrinsically safe relays and barriers shall be provided 

where required to interface with equipment such as float level switches that are located in 
NFPA-classified hazardous areas.  Intrinsically safe relays and barriers shall be FM 
approved and shall be manufactured by Pepperl and Fuchs, Crouse Hinds, Square D, or 
equal. 

 
2.03 TOTALIZERS 
 

A. Totalizing counters shall be provided for flush panel, spring-clip mounting.  Face dimensions 
of the totalizing counters shall be no larger than 1-1/8-inches high by 2-inches wide. 
Totalizing counters shall contain eight digits.  Height of the digits shall not be less than 
5/32-inch.  Numerals shall be white on a black background.  The counter shall be 
non-resettable and shall be totally compatible for operation on the pulses supplied by the 
associated instrument or integrator.  The totalizing counter shall be capable of a maximum 
count rate of 25 counts/second. 

 
B. Legend plates shall be provided for each of the totalizing counters with white letters on a 

black background with legends as specified below. 
 

C. Totalizing counters shall be manufactured by Kessler-Ellis, or equal.   
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2.04 ACCESSORIES 
 

A. Control operators such as pushbuttons (PB), selector switches (SS), and pilot lights (PL) 
shall be Cutler-Hammer/Westinghouse Type E34, Square D Company Type SK, or equal. 
Control operators shall be 30.5 mm, round, heavy-duty, oil tight NEMA 4X corrosion 
resistant. 

 
B. Pushbuttons shall be non-illuminated, spring release type.  Pushbuttons shall include a full 

guard.  Panic stop/alarm pushbuttons shall be red mushroom type with manual-pull release. 
Selector switches shall be non-illuminated, maintained contact type.  Pilot lights shall be of 
the proper control voltage, LED type with light lens colors shall be as specified below. 

 
Color Function 
 
Red Running (Open) 
Green Stopped or Off (Closed) 
Yellow Valve Travel 
Amber Fault 
White Other 

C. Control operators shall have legend plates as specified herein, indicated on the Drawings, or 
otherwise directed by the Engineer.  Legend plates shall be plastic, black field (background) 
with white lettering.  Engraved nameplates shall be securely fastened above each control 
operator.  If adequate space is not available, the nameplate shall be mounted below the 
operator. 

 
D. Control operators for all equipment shall be as specified herein and of the same type and 

manufacturer unless otherwise specified or indicated on the Drawings. 
 

E. Alarm horns shall be general-purpose type, flush panel mount, 115 VAC power supply or 
24 VDC power supply, suitable for indoor or weatherproof service, as required.  Volume 
shall be adjustable. 

 
 
PART 3 -- EXECUTION 
 
3.01 REQUIREMENTS 
 

A. Refer to Section 17500 for additional requirements. 
 
 
 

- END OF SECTION - 
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SECTION 17560 
 

SURGE PROTECTION DEVICES 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish, install and place in satisfactory operation the surge 
protection devices (SPDs) as specified herein and as shown on the Drawings. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 17000 – Control and Information System Scope and General Requirements 
 

B. Section 17500 – Enclosures, General 
 
1.03 GENERAL INFORMATION AND DESCRIPTION 
 

A. All surge protectors of each type provided under this Contract shall be furnished by a single 
manufacturer. 

 
PART 2 -- PRODUCTS 
 
2.01 ELECTRICAL TRANSIENT PROTECTION, GENERAL 
 

A. All electrical and electronic elements shall be protected against damage due to electrical 
transients induced in interconnecting lines from lightning discharges and nearby electrical 
systems. 

 
B. Manufacturer's Requirements: All surge protection devices shall be manufactured by a 

company that has been engaged in the design, development, and manufacture of such 
devices for at least 5 years.  Acceptable manufacturers shall be Phoenix Contact, Edco, 
Transtector, or equal. 

 
C. Surge protection device installations shall comply with UL 94, the National Electric Code 

(NEC), and all applicable local codes. 
 
D. Surge protection devices shall be installed as close to the equipment to be protected as 

practically possible. 
 
E. Device Locations:  As a minimum, provide surge protection devices at the following 

locations: 
 

1. At any connections between ac power and electrical and electronic equipment, 
including panels, assemblies, and field mounted analog transmitters. 

 
2. At the field end only of all analog signal circuits that have any portion of the circuit 

extending outside of a protecting building. 
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3. At the field end only of all copper-based communications cables which extend 

outside of a building, including at field instruments and the field side of analog valve 
position signals. 

 
4. On all external telephone communications lines. 
 

2.02 AC POWER PROTECTION 
 

A. Surge protection device assemblies for connections to AC power supply circuits shall: 
 

1. Be provided with two 3-terminal barrier terminal strips capable of accepting No. 12 
AWG solids or stranded copper wire.  One terminal strip shall be located on each 
end of the unit. 

 
2. Have a nonflammable enclosure that meets or exceeds UL 94 V0 flammability 

requirements.  The surge protection device shall be provided with provisions for 
mounting to interior of equipment racks, cabinets, or to the exterior of freestanding 
equipment. 

 
3. Be constructed as multistage devices consisting of gas tube arrestors, high energy 

metal oxide varistors, or silicon avalanche suppression diodes.  Assemblies shall 
automatically recover from surge events, and shall have status indication lights. 

 
4. Comply with all requirements of UL 1449, second edition. 
 
5. Be able to withstand a peak surge current of 10,000 amps based on a test surge 

waveform with an 8-microsecond rise time and a 20-microsecond exponential decay 
time, as defined in UL 1449. 

 
6. Have the following characteristics: 

 
a. Maximum Continuous Operating Voltage:  150VAC 
b. Maximum Operating Current:  20 amps 
c. Ambient Temperature Range: -20 degrees C to +65 degrees C 
d. Response Time:  5 nanoseconds 
 

2.03 ANALOG SIGNAL CIRCUIT PROTECTION 
 

A. Surge protection device assemblies for analog signal circuits shall: 
 

1. Have four lead devices DIN Rail mounting. 
 
2. Have a nonflammable enclosure that meets or exceeds UL 94 V0 flammability 

requirements. 
 
3. Be constructed as multistage devices consisting of gas tube arrestors and silicon 

avalanche suppression diodes.  Gas tube arrestors and diodes shall be separated by 
a series impedance of no more than 20 ohms.  Assemblies shall automatically 
recover from surge events. 
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4. Comply with all requirements of UL 497B. 
 
5. Be able to withstand a peak surge current of 10,000 amps based on a test surge 

waveform with an 8-microsecond rise time and a 20-microsecond exponential decay 
time, as defined in UL 1449. 

 
6. Limit line-to-line voltage to 40 volts on 24VDC circuits. 
 
7. Have the following characteristics: 
 

a. Maximum Continuous Operating Voltage:  28VDC 
b. Ambient Temperature Range:  -20 degrees C to +65 degrees C 
c. Response Time (Line-to-Line):  5 ns  
 

2.04 COMMUNICATION CIRCUIT PROTECTION 
 

A. Surge protection devices for copper-based data communication circuits shall: 
 

1. Be designed for the specific data communication media and protocol to be protected 
(i.e. telephone, serial, parallel, network, data highway, coax, twinaxial, twisted pair, 
RF, etc.). 

 
2. Provide protection of equipment to within the equipment’s surge withstand levels for 

applicable standard test wave forms of the following standards: 
 

a. IEC 60-1 / DIN VDE 0432 part 2 
b. CCITT K17 / DIN VDE 0845 part 2 
c. IEEE C62.31 
 

3. Have a nonflammable enclosure that meets or exceeds UL 94 V0 flammability 
requirements. 

 
4. Provide automatic recovery. 

 
 
PART 3 -- EXECUTION 
 
3.01 REQUIREMENTS 
 

A. Refer to Section 17500 for additional requirements. 
 
 
 

- END OF SECTION - 
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SECTION 17600 
 

UNPOWERED INSTRUMENTS, GENERAL 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish, install, test and place in operation process instrumentation 
(flow elements, pressure switches, etc.) as scheduled herein together with all signal 
converters, transmitters, isolators, amplifiers, etc. to interface all instrumentation, panels, 
controls and process equipment control panels with the process controls as shown on the 
Drawings and as specified.  Mounting of associated transmitters, indicators, power supplies, 
brackets and appurtenances shall be provided as specified herein and shown on the 
Drawings. 

 
B. It is the intent of the Contract Documents that all process taps, isolation valves, nipples, 

penetrations, embedded instrumentation supports, conduit, wiring, terminations, and the 
installation of process instrumentation on process lines shall be provided under this 
Contract.  The Design/Builder shall supervise installation of equipment provided under this 
Division where installation is provided by others. 

 
C. Tapping and connections for primary process sensors shall be sized to suit each individual 

installation and the requirements of the instrument served.  The Design/Builder shall ensure 
that the location, supports, orientation and dimensions of the connections and tapping for 
instrumentation furnished under this Division are such as to provide the proper bracing, the 
required accuracy of measurement, protection of the sensor from accidental damage and 
accessibility for maintenance while the plant is in operation.  Isolation valves shall be 
provided at all process taps. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 17000 – Control and Information System Scope and General Requirements 
 

B. Section 17500 – Enclosures, General 
 

C. Section 17698 – Instrumentation and Control System Accessories 
 

D. Section 17700 – Powered Instruments, General 
 

E. Section 17800 – Analytical Instruments, General 
 

F. Unpowered instruments furnished with mechanical equipment shall be furnished, installed, 
tested and calibrated as specified elsewhere in the Contract Documents. 

 
1.03 TOOLS, SUPPLIES AND SPARE PARTS 
 

A. The Design/Builder shall provide spare parts as specified in individual instrument 
specification sections. 

PART 2 -- PRODUCTS 
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2.01 GENERAL 
 

A. Unless otherwise specified, instruments shall be provided with enclosures to suit specified 
environmental conditions.  Field-mounted devices shall be rugged and mounted on walls or 
pipe stanchions. 

 
 
PART 3 -- EXECUTION 
 
3.01 INSTALLATION 
 

A. Equipment shall be located so that it is accessible for operation and maintenance.  The 
Design/Builder shall examine the Drawings and Shop Drawings for various items of 
equipment in order to determine the best arrangement for the work as a whole, and shall 
supervise the installation of process instrumentation supplied under this Division. 

 
B. Field equipment shall be wall mounted or mounted on two-inch diameter pipe stands welded 

to a 10-inch square 1/2-inch thick base plate unless shown adjacent to a wall or otherwise 
noted.  Materials of construction shall be aluminum or 316 stainless steel.  Instruments 
attached directly to concrete shall be spaced out from the mounting surface not less 
than 1/2-inch by use of phenolic spacers.  Expansion anchors in walls shall be used for 
securing equipment or wall supports to concrete surfaces.  Unless otherwise noted, field 
instruments shall be mounted between 48 and 60 inches above the floor or work platform. 

 
C. Embedded pipe supports and sleeves shall be Schedule 40, Type 316 stainless steel pipe, 

ASA B-36.19, with stainless steel blind flange for equipment mounting as shown on the 
Drawings. 

 
D. Materials for miscellaneous mounting brackets and supports shall be 316 stainless steel 

construction. 
 

E. Pipe stands, miscellaneous mounting brackets and supports shall comply with the 
requirements of Division 5 of the specifications. 

 
3.02 ADJUSTMENT AND CLEANING 
 

A. The Design/Builder shall comply with the requirements of Division 1 of these Specifications 
and all instrumentation and control system tests, inspection, and calibration requirements for 
all instrumentation and controls provided under this Contract and specified herein.  The 
Owner, or his designated representative(s), reserves the right to witness any test, inspection, 
calibration or start-up activity.  Acceptance by the Owner of any plan, report or 
documentation relating to any testing or commissioning activity specified herein shall not 
relieve the Design/Builder of his responsibility for meeting all specified requirements. 

 
B. The Design/Builder shall provide the services of factory trained technicians, tools and 

equipment to field calibrate, test, inspect and adjust each instrument to its specified 
performance requirement in accordance with manufacturer's specifications and instructions. 
Any instrument which fails to meet any Contract requirements, or any published 
manufacturer performance specification for functional and operational parameters, shall be 
repaired or replaced, at the discretion of the Owner, at no cost to the Owner.  The 
Design/Builder shall bear all costs and provide all personnel, equipment and materials 
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necessary to implement all installation tests and inspection activities for equipment specified 
herein. 

 
C. At least 14 days before the anticipated initiation of installation testing, the Design/Builder 

shall submit to the Owner a detailed description, of the installation tests to be conducted to 
demonstrate the correct operation of the instrumentation and control system. 

 
D. Field instrument calibration requirements shall conform to the following: 

 
1. The Design/Builder shall provide the services of factory trained instrumentation 

technicians, tools and equipment to field calibrate each instrument supplied under 
this Contract to its specified accuracy in accordance with the manufacturer's 
specification and instructions for calibration. 

 
2. Each instrument shall be calibrated at 0, 25, 50, 75 and 100 percent of span using 

test instruments to simulate inputs and read outputs.  Test instruments shall be rated 
to an accuracy of at least five (5) times greater than the specified accuracy of the 
instrument being calibrated.  Where applicable, such test instruments shall have 
accuracy’s as set forth by the National Institute for Standards and Technology 
(NIST). 

 
3. The Design/Builder shall provide a written calibration sheet to the Owner for each 

instrument, certifying that it has been calibrated to its published specified accuracy.  
The Design/Builder shall submit proposed calibration sheets for various types of 
instruments for Owner approval prior to the start of calibration. This sheet shall 
include but not be limited to date, instrument tag numbers, calibration data for the 
various procedures described herein, name of person performing the calibration, a 
listing of the published specified accuracy, permissible tolerance at each point of 
calibration, calibration reading as finally adjusted within tolerance, defect noted, 
corrective action required and corrections made. 

 
4. If doubt exists as to the correct method for calibrating or checking the calibration of 

an instrument, the manufacturer's printed recommendations shall be used as an 
acceptable standard, subject to the approval of the Owner.   

 
5. Upon completion of calibration, devices shall not be subjected to sudden 

movements, accelerations, or shocks, and shall be installed in permanent protected 
positions not subject to moisture, dirt, and excessive temperature variations.  
Caution shall be exercised to prevent such devices from being subjected to 
overvoltages, incorrect voltages, overpressure or incorrect air.  Damaged equipment 
shall be replaced and recalibrated at no cost to the Owner. 

 
 

- END OF SECTION - 
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SECTION 17610 
 

INSERT VENTURI FLOW TUBES 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish, test, install and place in satisfactory operation all insert 
venturi flow tubes, with all spare parts, accessories, and appurtenances as herein specified 
and as shown on the Drawings. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 17000 – Control and Information System Scope and General Requirements 
 

B. Section 17600 – Unpowered Instruments, General 
 

C. Section 17760 – Pressure Indicating Transmitters 
 
1.03 SUBMITTALS 
 

A. The manufacturer shall provide data that substantiates head loss and accuracy for the flow 
tubes submitted, which shall include the following information: 

 
1. Differential vs. flow curves. 

 
2. Differential vs. flow data in tabular format. 

 
3. Non-recoverable head loss data. 

 
4. A certified dimensional drawing for each flow tube. 

 
5. Specific equations for calculating airflow in scfm or liquid flow in gpm, as appropriate, 

in the following format: 
 

Actual scfm =       constant      x 
(Differential P)1/2 x (Operating Press.)1/2 

(Gas) 
(Operating Temp.) 1/2 

   

gpm (or mgd) =    constant      x  (Differential P)1/2 (Liquid) 

 
B. Two copies of each of the following curves with plastic see-through type envelopes shall be 

furnished for each venturi tube by the manufacturer: 
 

1. Certified differential pressure vs. flow at nominal static pressures. 
 

2. For airflow, flow coefficient vs. pressure for above curves for a pressure range of 
±3 psig from the nominal static pressures. 
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PART 2 -- PRODUCTS 
 
2.01 INSERT VENTURI FLOW TUBES 
 

A. The Design/Builder shall coordinate the exact internal diameter of process piping for 
fabricating and calibrating flow tubes.  The flow tube shall have pressure and temperature 
capabilities at least equal to the surrounding air piping. The Design/Builder shall coordinate 
end conditions for installation allowing for future removal of the tube by use of expansion 
fittings and flanges in the pipeline, as shown on the Drawings. 

 
B. Insert flow tubes shall produce a differential pressure proportional to the square of flow.  Inlet 

and outlet cones shall be made of polyester resin reinforced with 30 percent fiberglass by 

weight or stainless steel.  The outlet cone angle shall be 10 or smaller for optimum energy 
recovery.  The venturi meter shall have a cylindrical, precision-machined, 304 stainless steel 
throat section with a minimum length equal to 0.5 times its diameter.  Center flange material 
shall be epoxy-coated carbon steel, and shall match the pressure classification of the 
surrounding pipe.  Flange gaskets shall be provided for sealing and shall be consistent with 
the rest of the gaskets used in the pipeline.  Flow tube shall be designed for operation on air 

lines with temperature ranging from 0F to 225F. 
 

C. Pressure taps shall be ½-inch or ¼-inch NPT as recommended by the manufacturer, 
constructed of 316L stainless steel.  If the ¼-inch taps are furnished, appropriate fittings 
shall be provided to connect to the ½-inch process tubing.  The low-pressure sensing tap 
shall be installed in the cylindrical throat section of the flow tube.  The static or high-pressure 
sensing tap shall be located in the upstream spool piece of the flow tube.  Location of the 
upstream tap shall be directed by the flow tube supplier.  Corner-type high-pressure taps 
shall not be acceptable.  Flushing/drain assemblies with stainless steel ball valves for 
isolation, together with fittings and appurtenances, shall be furnished on all high and low 
pressure taps. 

 
D. Accuracy shall be + or - 0.50% of actual flow rate over the specified flow range.  Permanent 

head loss shall not exceed 8% of the maximum differential pressure. 
 

E. Sizing of all the insert flow tubes for airflow shall be based on a pressure of 10.5 psig and a 

temperature of 175F. 
 

F. The flow tubes shall be Model HVT-PS as manufactured by Primary Flow Signal, Inc., or 
equivalent by Badger Meter, BIF Products, or equal. 

 
 
PART 3 -- EXECUTION 
 
3.01 INSTALLATION 
 

A. All insert venturi meters and appurtenant work, including pressure taps, shall be installed in 
strict accordance with the manufacturer’s printed instructions. 

 
B. Refer to Section 17600, Part 3 for additional requirements. 

 
 

- END OF SECTION - 
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SECTION 17635 
 

ROTAMETERS 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish, test, install and place in satisfactory operation all 
rotameters, with all spare parts, accessories, and appurtenances as herein specified and as 
shown on the Drawings. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 17000 – Control and Information System Scope and General Requirements 
 

B. Section 17600 – Instruments, General 
 
 
PART 2 -- PRODUCTS 
 
2.01 ROTAMETERS 
 

A. Rotameters shall consist of a float chamber, tapered float, and a measuring ring. 
 
B. Rotameters shall have the following specifications: 

 
1. Process Fluid Temperature: 32o F to 140o F 

2. Accuracy: +/- 2.0% of full scale 

3. Repeatability: 0.5% of full scale 

4. Max. Process Fluid Pressure: 500 psig at 140o F 
 

C. The body material shall be 316 stainless steel.  Wetted parts shall be as follows: 
 

1. Float:  316 stainless steel minimum; or compatible with process fluid 

2. Glass Tube: Borosilicate glass 

3. O-Rings: Viton minimum; or compatible with process fluid 

4. Others: Compatible with process fluid 
 

D. A graduated metal scale plate shall be provided for flow indication.  A graduated metal scale 
plate shall be provided for flow indication.  The indicator shall be large, easy to read, and 
calibrated in engineering units. 
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E. Attachment to the pipe shall be a NPT fitting sized in accordance with the Contract 
Documents. 

 
F. Rotameters shall be as manufactured by Brooks, Fischer & Porter, King Instruments, or 

equal. 
 
 
PART 3 -- EXECUTION 
 
3.01 REQUIREMENTS 
 

A. Refer to Section 17600, Part 3 of the specifications. 
 
 
 

- END OF SECTION - 
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SECTION 17650 
 

PRESSURE GAUGES 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish, test, install and place in satisfactory operation the pressure 
gauges, with all spare parts, accessories, and appurtenances as herein specified and as 
shown on the Drawings. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 17000 – Control and Information System Scope and General Requirements 
 

B. Section 17600 – Unpowered Instruments, General 
 

C. Section 17698 – Instrumentation Accessories 
 
 
PART 2 -- PRODUCTS 
 
2.01 PRESSURE GAUGES 
 

A. All gauges shall be designed in accordance with the ASME B40.1 entitled, "Gauges, 
Pressure, Indicating Dial Type - Elastic Element". 

 
B. All gauges shall be direct reading type.  Snubbers shall be provided on all gauges.  Gauge 

full-scale pressure range shall be selected such that the maximum operating pressure shall 
not exceed the approximately 75% of the full-scale range. 

 
C. Features 

 
1. Mounting: ½” NPT, lower stem mount type 
2. Accuracy:  0.5% full scale 
3. Case:  Solid front, black phenolic material 
4. Dial:  White background and black letters 
5. Glass:  Shatterproof 
6. Blow-out protection:  Back 
7. Pressure element:  stainless steel bourdon tube 
8. Movement:  Stainless steel, Teflon coated pinion gear and segment 
9. Gaskets:  Buna-N 
 

D. Liquid-filled or equivalent mechanically-damped gauges shall be used if the gauges are 
installed with pumps, or where gauges are subjected to vibrations or pulsation.  Filling fluid 
shall be silicone unless oxidizing agents such as sodium hypochlorite are present, where 
halocarbon shall be used. 

 
E. Gauge size shall be 2" for line sizes up to 3" and 4½" for line sizes of 4" or greater. 
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F. Diaphragm seals and isolating ring seals shall be furnished in accordance with the 

requirements specified under Section 17698 - Instrumentation and Control System 
Accessories. 

 
G. The complete gauge assembly and appurtenances shall be fully assembled and tested prior 

to field mounting.  A ½” isolation stainless steel ball valve shall be provided for each gauge 
assembly. 

 
H. Pressure and vacuum gauges shall be Ashcroft Duragauge Model 1279, Ametek-U.S. 

Gauge Division, H.O. Trerice Co., WIKA Instrument Corporation, or equal. 
 
 
PART 3 -- EXECUTION 
 
3.01 REQUIREMENTS 
 

A. Refer to Section 17600, Part 3. 
 
 
 

- END OF SECTION - 
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SECTION 17670 
 

LEVEL SWITCHES (SUSPENDED FLOAT TYPE) 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish, test, install and place in satisfactory operation the float 
level switches, with all spare parts, accessories, and appurtenances as herein specified and 
as shown on the Drawings. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 17000 – Control and Information System Scope and General Requirements 
 

B. Section 17600 – Unpowered Instruments, General 
 
 
PART 2 -- PRODUCTS 
 
2.01 LEVEL SWITCHES (SUSPENDED FLOAT TYPE) 
 

A. Level switches of the direct acting float-operated design shall be comprised of a hermetically 
sealed, approximately 5 inch diameter plastic casing float, containing microswitches and 
flexibly supported by means of a heavy neoprene or PVC jacket, with three conductor cable 
a minimum of 20 feet in length.  Unless otherwise specified, media specific gravity is 0.95 to 
1.05.  Microswitches shall be one normally open and one normally closed, 5A-115V AC 
capacity.  Float hangers and supports shall be provided as shown on the installation detail 
drawings.  Float switches shall be Model ENM as manufactured by Flygt, STI, or equal. 

 
 
PART 3 -- EXECUTION 
 
3.01 REQUIREMENTS 
 

A. Refer to Section 17600, Part 3 of the specifications. 
 
 
 

- END OF SECTION - 
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SECTION 17675 
 

PRESSURE SWITCHES 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish, test, install and place in satisfactory operation the pressure 
switches, with all spare parts, accessories, and appurtenances as herein specified and as 
shown on the Drawings. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 17000 - Control and Information System Scope and General Requirements 
 

B. Section 17600 - Unpowered Instruments, General 
 
 
PART 2 -- PRODUCTS 
 
2.01 PRESSURE SWITCHES 
 

A. Pressure, vacuum, and differential pressure switches shall be single or dual action with an 
adjustable setpoint for the process requirement and/or as specified herein.  Switches shall 
be diaphragm or piston operated and activate S.P.D.T. snap action switches on increasing 
or decreasing pressure.  Minimum differential shall be less than 10 percent of the range.  
Deadband shall be adjustable.  Allowable surge pressure shall be a minimum 1.5 times the 
range.  Each pressure switch shall have visible scale. 

 
B. Pressure switches shall have a contact rating of 10 amperes at 120 volts AC.  Pressure 

switches shall be in NEMA 4X enclosures.  Switches shall have a repeatable accuracy of 
1 percent of range.  Pressure switches shall be isolated from the process fluid by a 
diaphragm seal or an isolation ring in locations as shown on the Contract Drawings and/or 
as specified.  Wetted parts materials shall be compatible with the process fluid for corrosion 
resistance.  Pressure switches shall be manufactured by ASCO, SOR, Inc., Ashcroft, or 
equal. 

 
 
PART 3 -- EXECUTION 
 
3.01 REQUIREMENTS 
 

A. Refer to Section 17600 Part 3. 
 
 

- END OF SECTION - 
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SECTION 17698 
 

INSTRUMENTATION AND CONTROL SYSTEM ACCESSORIES 
 
 
 

PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish, test, install and place in satisfactory operation the 
instrumentation and control system accessories with all spare parts, and appurtenances as 
herein specified and as shown on the Drawings. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 17000 – Control and Information System Scope and General Requirements 
 

B. Section 17600 – Unpowered Instruments, General 
 

C. Section 17700 – Powered Instruments, General 
 
D. Section 16902 – Electric Controls and Relays 

 
 

PART 2 -- PRODUCTS 
 
2.01 INSTRUMENTATION AND CONTROL SYSTEM ACCESSORIES 
 

A. General:  Accessories include various items of equipment that may be required in the system 
but are not scheduled.  Accessories are shown on details, flow sheets or plans.  Accessories 
are also called out in specifications for scheduled instruments and in the installation 
specifications.  It is not intended, however, that each piece of hardware required will be 
specifically described herein.  This subarticle shall be used as a guide to qualify requirements 
for miscellaneous hardware whether the specific item is described or not. 

 
B. Process Tubing:  Process tubing shall be 1/2 x 0.065-inch seamless, annealed, ASTM A-269 

Type 316L stainless steel with Type 316 - 37 degrees stainless steel flared fittings or 
Swagelock or Parker-CPI flareless fittings. 

 

C. Power, Control and Signal Cables: Power, control and signal wiring shall be provided under 
Division 16 of the Specifications. 

 

D. Chemical Diaphragm Seals: Diaphragm seals shall be provided for isolation of pressure 
gauges, switches and transmitters attached to systems containing chemical solutions or 
corrosive fluids.  As a minimum, seals shall be of all 316 stainless steel construction.  In 
general, diaphragms shall be 316L stainless steel for operating pressures at or above 15 psi 
and elastomers for operating pressures below 15 psi.  However, all components shall be 
non-reactive with the process fluid in all cases.  Refer to the Instrument Schedules for 
specific materials requirements.  Seal shall have fill connection, 1/4-inch NPT valved flush 
port and capable of disassembly without loss of filler fluid.  Where specified, diaphragm seals 
shall comply with the above requirements and shall be provided with 316 SS factory filled 
capillaries.  Seals shall be Helicoid Type 100 HA, Mansfield & Green, Ashcroft, or equal. 
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E. Tapped Isolating Ring Seals: For all solids bearing fluids, pressure shall be sensed via a 

minimum 1/2" diameter spool-type isolating ring seal mounted on a 1/2" pipe nipple at 90 

from the process piping.  An isolation ball valve shall be provided between the process piping 
and the ring seal, and a cleanout ball valve shall be provided between the ring seal and the 
atmosphere.  The pressure instrument shall be back or side mounted to the ring seal such 
that the gauge or readout may be viewed normally.  Tapped isolating ring seals for solids 
service shall be Red Valve Series 42/742, Ronningen-Petter Iso-Spool, Onyx Isolator Ring, or 
equal. 

 
F. Filling Medium: The filling medium between instruments, isolating ring seals and diaphragm 

seals shall be a liquid suitable for operation in an ambient temperature ranging from -10F to 
+150oF.  Filling medium shall be silicone unless oxidizing agents such as sodium hypochlorite 
are present, where halocarbon shall be used. 

 
G. Isolation Valves: Isolation valves shall be 1/2 - inch diameter ball valves with 316 stainless 

steel body, 316 stainless steel ball, except that materials of construction shall be suitable for 
the associated process fluid where applicable (i.e., chemical service). 

 
H. Sirens: Sirens shall be UL Listed, heavy duty, AC motor driven, weatherproof type capable of 

producing a minimum of 111 dBA at 10 feet.  Power supply shall be 120 VAC, 60 hertz.  Siren 
shall be McMaster-Carr Model 6392T11, Federal Signal Corporation equivalent, Edwards 
Signaling Company equivalent, or equal. 

 
I. Strobe Lights: Strobe lights shall be high profile with Type 304 stainless steel base. Light is 

rated NEMA 4.  Light shall have an outer dome to provide extra lens protection.  Lens color 
shall be as indicated on the Drawings.  Surface mount hardware shall be included. Power 
supply shall be 120 VAC, 60 hertz. Strobe light shall be McMaster-Carr Model 5848T71, 
Federal Signal Corporation equivalent, Edwards Signaling Company equivalent, or equal. 
 

PART 3 -- EXECUTION 
 
3.01 REQUIREMENTS 
 

A. Refer to Section 17600, Part 3 of the specifications. 
 
 
 

- END OF SECTION - 
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SECTION 17700 
 

POWERED INSTRUMENTS, GENERAL 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish, install, test and place in operation powered process 
instrumentation (flow elements, level transmitters, etc.) as scheduled herein together with all 
signal converters, transmitters, isolators, amplifiers, etc. to interface all instrumentation, 
panels, controls and process equipment control panels with the process control system as 
shown on the Drawings and as specified.  Powered instruments are those instruments that 
require power (120 VAC or 24 VDC loop power) to operate.  Mounting of associated 
transmitters, indicators, power supplies, brackets and appurtenances shall be provided as 
specified herein and shown on the Drawings. 

 
B. It is the intent of the Contract Documents that all process taps, isolation valves, nipples, 

penetrations, embedded instrumentation supports, conduit, wiring, terminations, and the 
installation of process instrumentation on process lines shall be provided under this 
Contract.  The Design/Builder shall supervise installation of equipment provided under this 
Division where installation is provided by others. 

 
C. Tapping and connections for primary process sensors shall be sized to suit each individual 

installation and the requirements of the instrument served.  The Design/Builder shall ensure 
that the location, supports, orientation and dimensions of the connections and tapping for 
instrumentation furnished under this Division are such as to provide the proper bracing, the 
required accuracy of measurement, protection of the sensor from accidental damage, and 
accessibility for maintenance while the plant is in operation. Isolation valves shall be 
provided at all process taps. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 17000 – Control and Information System Scope and General Requirements 
 

B. Section 17500 – Enclosures, General 
 

C. Section 17600 – Unpowered Instruments, General 
 

D. Section 17698 – Instrumentation and Control System Accessories 
 

E. Section 17800 – Analytical Instruments, General 
 

F. Powered instruments furnished with mechanical equipment shall be furnished, installed, 
tested and calibrated as specified elsewhere in the Contract Documents. 

 

3
2

4
1

4
-0

0
0

 



 

Sustainable Water Phase 3 –  Powered Instruments General – REV 0 
Demonstration Facility 17700-2 IFC June 2017    17700-2      May 2017 

1.03 TOOLS, SUPPLIES AND SPARE PARTS 
 

A. The Design/Builder shall provide spare parts as indicated in the individual instrument 
sections. 

 
 
PART 2 -- PRODUCTS 
 
2.01 GENERAL 
 

A. All instrumentation supplied shall be the manufacturer's latest design.  Unless otherwise 
specified, instruments shall be solid state, electronic, using enclosures to suit specified 
environmental conditions.  Microprocessor-based equipment shall be supplied unless 
otherwise specified.  All instruments shall be provided with mounting hardware and floor 
stands, wall brackets, or instrument racks as shown on the Drawings, or as required. 

 
B. Equipment installed in a hazardous area shall meet Class, Group, and Division as shown on 

the Drawings, to comply with the National Electrical Code. 
 

C. All field instrumentation for outdoor service shall be provided with enclosures which are 
suitable for outdoor service, as follows: 

 
1. Where the manufacturer's enclosures are suitable for outdoor service, they shall be 

provided with instrument sunshades.  Sunshades shall be Style E as manufactured 
by O'Brien Corporation, or equal.  Where possible, these instruments shall be 
mounted in a north facing direction.   

 
2. Where the manufacturer's standard enclosures are not suitable for outdoor service, 

instruments shall be mounted in Field Panels in accordance with Section 17520, 
Field Panels, or may be furnished with Vipak instrument field enclosures as 
manufactured by O'Brien Corporation, equivalent by Intertec, or equal.  It shall not be 
necessary to provide the manufacturer's NEMA 4 or 4X enclosures for instruments 
that will be subsequently mounted in separate field panels.   

 
D. All instruments shall return to accurate measurement without manual resetting upon 

restoration of power after a power failure. 
 

E. Unless otherwise shown or specified, local indicators shall be provided for all instruments. 
Where instruments are located in inaccessible locations, local indicators shall be provided 
and shall be mounted as specified in Subsection 3.01 (B) herein.  All indicator readouts shall 
be linear in process units.  Readouts of 0-100% shall not be acceptable (except for speed 
and valve position).  Isolated outputs shall be provided for all transmitters. 

 
F. Unless otherwise specified, field instrument and power supply enclosures shall be 316 

stainless steel, fiberglass or PVC coated copper-free cast aluminum NEMA 4X construction. 
 

G. Where separate elements and transmitters are required, they shall be fully matched, and 
unless otherwise noted, installed adjacent to the sensor.  Special cables or equipment shall 
be supplied by the associated equipment manufacturer. 

 
H. Electronic equipment shall utilize printed circuitry and shall be coated (tropicalized) to 

prevent contamination by dust, moisture and fungus.  Solid-state components shall be 
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conservatively rated for long-term performance and dependability over ambient atmosphere 
fluctuations. Ambient conditions shall be -20 to 50 degrees C and 20 to 100 percent relative 
humidity, unless otherwise specified.  Field mounted equipment and system components 
shall be designed for installation in dusty, humid, and corrosive service conditions. 

 
I. All devices furnished hereunder shall be heavy-duty type, designed for continuous industrial 

service.  The system shall contain products of a single manufacturer, insofar as possible, 
and shall consist of equipment models that are currently in production.  All equipment 
provided, where applicable, shall be of modular construction and shall be capable of field 
expansion. 

 
J. All non-loop-powered instruments and equipment shall be designed to operate on a 60 Hz 

AC power source at a nominal 117 V, plus or minus 10 percent, except where specifically 
noted.  All regulators and power supplies required for compliance with the above shall be 
provided.  Where equipment requires voltage regulation, constant voltage transformers shall 
be supplied. 

 
K. All analog transmitter and controller outputs shall be isolated, 4-20 milliamps into a load of 

0-750 ohms, unless specifically noted otherwise.  All switches shall have double-pole, 
double-throw contacts rated at a minimum of 600 VA, unless specified otherwise. 

 
L. Materials and equipment used shall be UL approved wherever such approved equipment 

and materials are available. 
 
 
PART 3 -- EXECUTION 
 
3.01 INSTALLATION 
 

A. General 
 

1. Equipment shall be located so that it is accessible for operation and maintenance. 
The Design/Builder shall examine the Drawings and shop drawings for various items 
of equipment in order to determine the best arrangement for the work as a whole, 
and shall supervise the installation of process instrumentation supplied under this 
Division. 

 
2. Electrical work shall be performed in compliance with all applicable local codes and 

practices.  Where the Contract Documents do not delineate precise installation 
procedures, API RP550 shall be used as a guide to installation procedures. 
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B. Equipment Mounting and Support 
 

1. Field equipment shall be wall mounted or mounted on two-inch diameter pipe stands 
welded to a 10-inch square by 1/2-inch thick base plate unless shown adjacent to a 
wall or otherwise noted.  Materials of construction shall be aluminum or 316 stainless 
steel.  Instruments attached directly to concrete shall be spaced out from the 
mounting surface not less than 1/2-inch by use of phenolic spacers.  Expansion 
anchors in walls shall be used for securing equipment or wall supports to concrete 
surfaces.  Unless otherwise noted, field instruments shall be mounted between 48 
and 60 inches above the floor or work platform. 

 
2. Embedded pipe supports and sleeves shall be schedule 40, 316 stainless steel pipe, 

ASA B-36.19, with stainless steel blind flange for equipment mounting as shown on 
the Drawings. 

 
3. Materials for miscellaneous mounting brackets and supports shall be 316 stainless 

steel construction. 
 
4. Pipe stands, miscellaneous mounting brackets and supports shall comply with the 

requirements of Division 5 of the specifications. 
 
5. Transmitters shall be oriented such that output indicators are readily visible. 
 

C. Control and Signal Wiring 
 

1. Electrical, control and signal wiring connections to transmitters and elements 
mounted on process piping or equipment shall be made through liquid-tight flexible 
conduit.  Conduit seals shall be provided where conduits enter all field instrument 
enclosures and all cabinetry housing electrical or electronic equipment. 

 
3.02 ADJUSTMENT AND CLEANING 
 

A. General 
 

1. The Design/Builder shall comply with the requirements of Division 1 of these 
Specifications and all instrumentation and control system tests, inspection, and 
calibration requirements for all instrumentation and controls provided under this 
Contract and specified herein.  The Owner, or his designated representative(s), 
reserves the right to witness any test, inspection, calibration or start-up activity.  
Acceptance by the Owner of any plan, report or documentation relating to any testing 
or commissioning activity specified herein shall not relieve the Design/Builder of his 
responsibility for meeting all specified requirements. 

 
2. The Design/Builder shall provide the services of factory trained technicians, tools 

and equipment to field calibrate, test, inspect and adjust each instrument to its 
specified performance requirement in accordance with manufacturer's specifications 
and instructions.  Any instrument which fails to meet any Contract requirements, or 
any published manufacturer performance specification for functional and operational 
parameters, shall be repaired or replaced, at the discretion of the Owner, at no cost 
to the Owner.  The Design/Builder shall bear all costs and provide all personnel, 
equipment and materials necessary to implement all installation tests and inspection 
activities for equipment specified herein. 
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3. At least 14 days before the anticipated initiation of installation testing, the 

Design/Builder shall submit to the Owner a detailed description, of the installation 
tests to be conducted to demonstrate the correct operation of the instrumentation 
supplied hereunder. 

 
B. Field Instrument Calibration Requirements 

 
1. The Design/Builder shall provide the services of factory trained instrumentation 

technicians, tools and equipment to field calibrate each instrument supplied under 
this Contract to its specified accuracy in accordance with the manufacturer's 
specification and instructions for calibration. 

 
2. If the manufacturer's recommendations require calibration, each instrument shall be 

calibrated at 0, 25, 50, 75 and 100 percent of span using test instruments to simulate 
inputs and read outputs.  Test instruments shall be rated to an accuracy of at least 
five (5) times greater than the specified accuracy of the instrument being calibrated.  
Where applicable, such test instruments shall have accuracy’s as set forth by the 
National Institute for Standards and Technology (NIST). 

 
3. The Design/Builder shall provide a written calibration sheet to the Owner for each 

instrument, certifying that it has been calibrated to its published specified accuracy.  
The Design/Builder shall submit proposed calibration sheets for various types of 
instruments for Owner approval prior to the start of calibration. This sheet shall 
include but not be limited to date, instrument tag numbers, calibration data for the 
various procedures described herein, name of person performing the calibration, a 
listing of the published specified accuracy, permissible tolerance at each point of 
calibration, calibration reading as finally adjusted within tolerance, defect noted, 
corrective action required and corrections made. 

 
4. If doubt exists as to the correct method for calibrating or checking the calibration of 

an instrument, the manufacturer's printed recommendations shall be used as an 
acceptable standard, subject to the approval of the Owner.   

 
5. Upon completion of calibration, devices calibrated hereunder shall not be subjected 

to sudden movements, accelerations, or shocks, and shall be installed in permanent 
protected positions not subject to moisture, dirt, and excessive temperature 
variations.  Caution shall be exercised to prevent such devices from being subjected 
to overvoltages, incorrect voltages, overpressure or incorrect air.  Damaged 
equipment shall be replaced and recalibrated at no cost to the Owner. 

 
6. After completion of instrumentation installation, the instrumentation Design/Builder 

shall perform a loop check.  The Design/Builder shall submit final loop test results 
with all instruments listed in the loop.  Loop test results shall be signed by all 
representatives involved for each loop test. 

 
 
 

- END OF SECTION - 
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SECTION 17701 
 

MAGNETIC FLOW METERS 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish, test, install and place in satisfactory operation the 
magnetic flow meters, with all spare parts, accessories, and appurtenances as herein 
specified and as shown on the Drawings. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 17000 – Control and Information System Scope and General Requirements 
 

B. Section 17700 – Powered Instruments, General 
 
1.03 TOOLS, SUPPLIES AND SPARE PARTS 
 

A. Furnish one spare signal converter. 
 
 
PART 2 -- PRODUCTS 
 
2.01 MAGNETIC FLOW METER SYSTEMS 
 

A. Magnetic flow meter systems shall include a magnetic flow tube and a microprocessor-
based "smart" transmitter that is capable of converting and transmitting a signal from the 
flow tube.  Magnetic flow meters shall utilize the characterized field principle of 
electromagnetic induction, and shall produce DC signals directly proportional to the liquid 
flow rate. 

 
B. Each meter shall be furnished with a 316 stainless steel or carbon steel metering tube and 

carbon steel flanges with a polyurethane, ceramic, neoprene, hard rubber, or Teflon liner 
as required by the application and/or as specified herein.  Liner shall have a minimum 
thickness of 0.125 inches.  The inside diameter of the liner shall be within 0.125 inches of 
the inside diameter of the adjoining pipe.  Liner protectors shall be provided on all flow 
tubes. 

 
C. The flow tube shall be provided with flush mounted electrodes. 

 
D. Grounding rings shall be provided for both ends of all meters. 

 
E. All materials of construction for metallic wetted parts (electrodes, grounding rings, etc.) 

shall be minimum 316 stainless steel, but shall be compatible with the process fluid for 
each meter in accordance with the recommendations of the manufacturer.  
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F. Flow tube shall be rated for pressures up to 1.1 times the flange rating of adjacent piping.  

System shall be rated for ambient temperatures of -30 to +65C.  Meter and transmitter 
housings shall meet NEMA 4X/IP66 requirements as a minimum.  When meter and 
transmitter are located in classified explosion hazard areas, the meter and transmitter 
housings shall be selected with rating to meet the requirements for use in those areas.  
Where the flow tube is subject to submergence through installation in a meter vault or 
similar location, the flow tube assembly shall be rated NEMA 6P/IP68 and electronics shall 
be factory sealed against moisture intrusion.  The use of field kits for modifying NEMA 
4/4X/IP66 flow tubes to submergence duty shall not be acceptable.  The associated 
transmitter shall be located in an area not subject to submergence. 

 
G. The transmitter shall provide pulsed DC coil drive current to the flow tube and shall convert 

the returning signal to a linear, isolated 4-20 mA DC signal.  The transmitter shall utilize 
"smart" electronics and shall contain automatic, continuous zero correction, signal 
processing routines for noise rejection, and an integral LCD readout capable of displaying 
flow rate and totalized flow.  The transmitter shall continuously run self-diagnostic routines 
and report errors via English language messages. 

 
H. The transmitter's preamplifier input impedance shall be a minimum of 109-1011 ohms which 

shall make the system suited for the amplification of low-level input signals and capable 
of operation with a material build up on the electrodes. 

 
I. The transmitter shall provide an automatic low flow cutoff below a user configurable low 

flow condition (0-10%).  The transmitter's outputs shall also be capable of being forced to 
zero by an external contact operation. 

 
J. Each flow tube shall be factory calibrated and assigned a calibration constant or factor to 

be entered into the associated transmitter as part of the meter configuration parameters. 
Manual calibration of the flow meter shall not be required.  Meter configuration parameters 
shall be stored in non-volatile memory in the transmitter.  An output hold feature shall be 
provided to maintain a constant output during configuration changes. 

 
K. The transmitter shall be capable of communicating digitally with a remote configuration 

device via a frequency-shift-keyed, high frequency signal superimposed on the 4-20 mA 
output signal.  The remote configuration device shall be capable of being placed anywhere 
in the 4-20 mA output loop.  The remote configuration device shall be as specified under 
Section 17700.  A password-based security lockout feature shall be provided to prevent 
unauthorized modification of configuration parameters. 

 
L. Accuracy shall be 0.30% of rate over the flow velocity range of 1.0 to 10.0 m/s (3.0 to 

33 ft/sec) and 0.5% between 0.1 m/s and 1.0 m/s (1-3 ft/s).  Repeatability shall be + 0.1% 
of rate; minimum turndown shall be 100:1.  Minimum required liquid conductivity shall not 
be greater than 5 uS/cm.  Maximum response time shall be adjustable between 1 and 100 
seconds as a minimum.  Transmitter ambient temperature operating limits shall be -10 to 

+50C.  Power supply shall be 115 VAC, 60 Hz. 
 

M. Flow tubes shall be 150-lb flange mounted unless otherwise noted.  The cables for 
interconnecting the meter and transmitter shall be furnished by the manufacturer.  
Transmitter shall be mounted integrally on flow tube, wall, or 2-inch pipe mounted as 
shown in the Drawings and/or as specified. 
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N. Magnetic flow meter systems shall be Model 8750W with optional high accuracy as 
manufactured by Rosemount or equivalent by Foxboro. 
 
 

PART 3 -- EXECUTION 
 
3.01 REQUIREMENTS 
 

A. Ground magnetic flow meter flow tubes and grounding rings in strict accordance with the 
manufacturer's recommendations. 

 
B. Refer to Section 17700, Part 3, for further requirements. 

 
 
 

- END OF SECTION - 
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SECTION 17740 
 

ULTRASONIC LIQUID LEVEL MEASUREMENT SYSTEMS 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish, test, install and place in satisfactory operation the 
ultrasonic liquid level measurement systems, with all spare parts, accessories, and 
appurtenances as herein specified and as shown on the Drawings. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 17000 – Control and Information System Scope and General Requirements 
 

B. Section 17700 – Powered Instruments, General 
 
 
PART 2 -- PRODUCTS 
 
2.01 ULTRASONIC LEVEL CONTROLLERS 
 

A. Each ultrasonic level monitoring system shall include one ultrasonic level sensor and an 
"intelligent" transmitter (controller).  The ultrasonic level monitoring system shall be required 
to monitor the level of process liquids or solids as shown on the Drawings and/or as 
specified herein.  Location of the sensor and transmitters shall be as shown on the Drawings 
and/or as specified. 

 
B. For outdoor installation, the use of approved watertight conduit hub/glands shall be required. 

Tank mounting applications shall include mounting flange adapter supplied by the 
manufacturer, which is compatible with the process media and the tank flange connection. 
Channel or wall mounting applications shall include mounting bracket supplied by the 
manufacturer and constructed of 316 stainless steel material.  Sensor mounting thread shall 
be 1" NPT.   

 
C. The level sensor shall be unaffected by moisture droplets on the transducer face and 

operate on the ultrasonic echo ranging principle.  The sensor shall also be fully submersible 
and resistant to corrosive materials.  Sensor accuracy shall be a minimum of 0.25 percent of 
level measurement range, and include integral temperature compensation with an accuracy 
of 0.09% of range.  Resolution shall be at least 0.1 percent of full range or 0.08 inches, 
whichever is greater. 

 
D. The transmitter shall be programmable by using a hand-held programmer.  Display shall be 

LCD with backlighting, shall have the capability to display a minimum of 4 characters at one 
time, and shall be shielded from direct sunlight.  The units shall have as a minimum, the 
required number of programmable set points to perform the functions specified.  Each set 
point shall operate a set of contacts rated at 5 amps, 250 VAC, non-inductive. 
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E. The transmitter shall compensate for changes in temperature and air density.  The controller 
shall be capable of performing the following functions: level monitor, both linear and 
nonlinear level to flow relationships, volumetric, open channel flow monitoring, differential 
control, and control of up to 6 pumps, alarms, monitor pump runtime and pump sequencing. 
 Output level signal shall be linear, isolated 4-20 mA DC.  Power requirement for the 
transmitter shall be 120 VAC, 60 Hz.  The units shall have a NEMA 4X stainless steel or 
nonmetallic enclosure. 

 
F. Ultrasonic level measurement system shall be the HydroRanger 200/Echomax Series 

Transducers by Siemens/Milltronics or equivalent by Rosemount. 
 
 
PART 3 -- EXECUTION 
 
3.01 REQUIREMENTS 
 

A. Where two or more ultrasonic level instruments are mounted in close proximity to each 
other, the transmitters shall coordinate operation to prevent interference from adjacent units. 
 Coordination shall be accomplished via an interconnecting communication cable furnished 
by the manufacturer. 

 
B. Where level transducers may become submerged, provide a manufacturer-supplied 

submergence hood. 
 
C. Where ultrasonic level systems are used on solids measurement applications, provide a 

swiveling aiming device to allow easy adjustment of beam direction. 
 
D. For open channel flow applications where the transducer is subject to direct sunlight, use an 

externally mounted temperature compensator mounted out of direct sunlight. 
 
E. Refer to Section 17700, Part 3 of the specifications for additional requirements. 

 
 
 

- END OF SECTION - 
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SECTION 17749 
 

SUBMERSIBLE LEVEL (PRESSURE) SENSORS 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish, test, install and place in satisfactory operation the 
submersible level (pressure) sensors, with all spare parts, accessories, and appurtenances 
as herein specified and as shown on the Drawings. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 17000 - Control and Information System Scope and General Requirements 
 

B. Section 17700 - Powered Instruments, General 
 
 
PART 2 -- PRODUCTS 
 
2.01 SUBMERSIBLE LEVEL (PRESSURE) SENSORS 
 

A. Submersible level (pressure) sensors shall consist of a pressure-sensing probe assembly 
with a depth cable molded directly to the probe body.  Sensing probe housing shall be 
fabricated of titanium or 316 stainless steel.  The depth support cable shall be polyurethane 
and shall contain a Kevlar strength member, a vent tube, and conductors for electrical power 
and signal. 

 
B. The sensor shall contain an encapsulated pressure sensing element which is electrically and 

physically isolated from the media via a ceramic or titanium isolation diaphragm.  The 
pressure sensing connection shall be protected from damage by a removable acetal nose 
cone or equivalent guard. 

 
C. Each submersible level transducer shall be provided with a NEMA 4X termination/junction 

box and aneroid bellows to prevent moisture from entering the vent tube. 
 
D. Sensor specifications shall be as follows: 

 
1. Sensor Rating: NEMA 6 (IP68), loop-powered 

2. Output Signal: 4-20 mA, 2-wire design 

3. Accuracy: + 0.25%, F.S. (full scale) 

4. Long Term Stability: + 0.1% F.S./year 

5. Zero Offset and Span Setting: + 0.25% F.S., max. 

6. Operating Temperature: -20 to +60 degrees C 
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7. Compensated Temperature: -2 to +30 degrees C 

8. Overpressure Limits: At least 2x full scale range 

9. Cable Length: As required 
 

E. Submersible level (pressure) sensors shall be WaterPilot Model FMX 167 by Endress & 
Hauser, equivalent by Druck, KPSI or Devar, or equal. 

 
 
PART 3 -- EXECUTION 
 
3.01 REQUIREMENTS 
 

A. Refer to Section 17700, Part 3 of the Specifications. 
 
 
 

- END OF SECTION - 
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SECTION 17760 
 

PRESSURE INDICATING TRANSMITTERS 
 
 
 

PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish, test, install and place in satisfactory operation the 
pressure indicating transmitters, with all spare parts, accessories, and appurtenances as 
herein specified and as shown on the Drawings. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 17000 – Control and Information System Scope and General Requirements 
 

B. Section 17700 – Powered Instruments, General 
 
 

PART 2 -- PRODUCTS 
 
2.01 GAUGE PRESSURE INDICATING TRANSMITTERS 
 

A. Gauge pressure transmitters shall be of the capacitance type with a process-isolated 
diaphragm with silicone oil fill, microprocessor-based "smart" electronics, and a field 
adjustable rangeability of 100:1 input range.  Span and zero shall be continuously 
adjustable externally over the entire range.  Span and zero adjustments shall be capable 
of being disabled internally. Transmitters shall be NEMA 4X weatherproof and corrosion 
resistant construction with low-copper aluminum body and 316 stainless steel process 
wetted parts.  Accuracy, including nonlinearity, hysteresis and repeatability errors shall be 
plus or minus 0.025 percent of calibrated span, zero based.  The maximum zero elevation 
and maximum zero suppression shall be adjustable to anywhere within sensor limits.  
Output shall be linear isolated 4-20 milliamperes 24 VDC.  Power supply shall be 24 VDC, 
two-wire design.  Each transmitter shall be furnished with a 4-digit LCD indicator capable 
of displaying engineering units and/or milliamps and mounting hardware as required.  
Overload capacity shall be rated at a minimum of 25 MPa.  Environmental limits shall 
be -40 to 85 degrees Celsius at 0-100% relative humidity.  Each transmitter shall have a 
stainless steel tag with calibration data attached to body. 

 

B. The piezo-resistive silicon pressure sensor shall be mechanically, electrically, and 
thermally isolated from the process and the environment, shall include an integral 
temperature compensation sensor, and shall provide a digital signal to the transmitter's 
electronics for further processing.  Factory set correction coefficients shall be stored in the 
sensor's non-volatile memory for correction and linearization of the sensor output in the 
electronics section.  The electronics section shall correct the digital signal from the sensor 
and convert it into a 4-20 mA analog signal for transmission to receiving devices.  The 
electronics section shall contain configuration parameters and diagnostic data in 
non-volatile EEPROM memory and shall be capable of communicating, via a digital signal 
superimposed on the 4-20 mA output signal, with a remote interface device.  Output signal 
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damping shall be provided, with an adjustable time constant of 0-36 seconds.  Total long 
term stability (frequency of calibration) shall be not less than 0.20% URL for 15 years. 

 
C. Where scheduled, gauge pressure indicating transmitters shall be calibrated in feet of 

liquid for liquid level service. 
 

D. Gauge pressure indicating transmitters shall be Model 3051S1TG as manufactured by 
Emerson Process Management (Rosemount) or equivalent by Foxboro. 

 
2.02 DIFFERENTIAL PRESSURE INDICATING TRANSMITTERS 
 

A. Differential pressure indicating transmitters shall be the same as the gauge pressure 
transmitters except for body specifications.  Differential pressure units shall be furnished 
with close coupled stainless steel three valve manifold assembly. 

 
B. The electronics sections of differential pressure transmitters shall contain user-selectable 

square root extractors to provide a linear 4-20 mA DC output proportional to flow, when 
activated.  Square root extractor circuitry shall be activated only for incompressible fluid 
flow applications (i.e., water).  Flow rates for compressible fluids (i.e., air) shall be 
calculated externally using line temperature and static pressure corrections as specified 
elsewhere in Division 17.  In addition, each flow transmitter shall be furnished with 
laminated flow versus differential pressure curves wall mounted adjacent to the 
transmitter. 

 
C. Differential pressure indicating transmitters shall be Model 3051S1CG as manufactured 

by Emerson Process Management (Rosemount), or equivalent by Foxboro. 
 
 
PART 3 -- EXECUTION 
 
3.01 REQUIREMENTS 
 

A. Refer to Section 17700, Part 3 of the Specifications. 
 
 
 

- END OF SECTION - 
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SECTION 17770 
 

TEMPERATURE INDICATING TRANSMITTERS 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish, test, install and place in satisfactory operation the 
temperature indicating transmitters, with all spare parts, accessories, and appurtenances as 
herein specified and as shown on the Drawings. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 17000 - Control and Information System Scope and General Requirements 
 

B. Section 17700 - Powered Instruments, General 
 
 
PART 2 -- PRODUCTS 
 
2.01 TEMPERATURE INDICATING TRANSMITTERS 
 

A. Temperature indicating-transmitters shall be microprocessor-based with "smart" electronics, 
capable of accepting direct inputs from 2-, 3-, or 4-wire, platinum, copper, or nickel 
resistance temperature detectors (RTD) from 10 to 1000 ohms, thermocouple inputs, direct 
millivolt sources, and resistance/potentiometer devices.  The indicating-transmitter shall be a 
true 2-wire device capable of operating on voltages up to 45 VDC. 

 
B. The accuracy of the transmitter's Digital-to-Analog converter shall be within 0.02 percent of 

span.  An LCD digital display shall be provided, capable of displaying mA, degrees in any 
units, ohms, or mV.  Digital accuracy (Pt 100 RTD) shall be 0.10 degrees C.  The 
indicator-transmitter shall contain an analog-to-digital converter which shall convert the RTD 
input to a digital signal and send it to the transmitter's electronics for further processing.  
Factory set correction coefficients shall be stored in the sensor's non-volatile memory for 
correction and linearization of the sensor output in the electronics section.  The electronics 
section shall correct the digital signal from the sensor and convert it into a 4-20 mA analog 
signal for transmission to receiving devices.  The electronics section shall contain 
configuration parameters and diagnostic data in non-volatile EEPROM memory and shall be 
capable of communicating, via a digital signal superimposed on the 4-20 mA output signal, 
with a remote interface device.  Output signal damping shall be provided, with an adjustable 
time constant of 0-36 seconds.  Long term stability (frequency of calibration) shall be not less 
than 0.25% of reading or 0.25 degrees C for five years. 
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C. The transmitter assembly shall be furnished with all necessary hardware for proper mounting 
as recommended by the manufacturer.  Indicating-transmitter shall be housed in a watertight 
enclosure meeting NEMA 4X requirements.  Enclosure shall be suitable for wall or 2-inch 
pipe stand mounting. 

 
D. The transmitter shall provide a linear isolated 4-20 mADC output proportional to 

temperature.  
 

E. The transmitter shall constantly monitor all aspects of the input circuitry and diagnose any 
system failures.  If self-diagnostics detect a sensor burnout or transmitter failure, the analog 
output signal shall be driven either upscale or downscale to alert the user.  Upscale and 
downscale burnout features shall be user-selectable. 

 
F. Temperature measurement system shall be Model 3144P as manufactured by Rosemount 

Engineering Co., or equivalent by Foxboro 
 
 
PART 3 -- EXECUTION 
 
3.01 REQUIREMENTS 
 

A. Refer to Section 17700, Part 3 of the Specifications. 
 
 
 

- END OF SECTION - 
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SECTION 17772 
 

RESISTANCE TEMPERATURE DETECTORS 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish, test, install and place in satisfactory operation the 
resistance temperature detectors, with all spare parts, accessories, and appurtenances as 
herein specified and as shown on the Drawings. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 17000 - Control and Information System Scope and General Requirements 
 

B. Section 17700 - Powered Instruments, General 
 
 
PART 2 -- PRODUCTS 
 
2.01 RESISTANCE TEMPERATURE DETECTORS 
 

A. Resistance Temperature Detectors (RTDs) shall meet the following minimum operational 
and performance requirements: 

 
1. 4-wire, platinum, 100 ohm at 0°C, element RTD 

 

2. Temperature Range:  -100C to 200C 
 

3. Repeatability:  ±13°C; self heating, temperature measurement error:  1C for water 
flowing at 3 ft/sec 

 
4. Insulation Resistance 100 Mohms 

 
5. RTD sheath shall be 316 stainless steel. 

 
6. Thermowell shall be 316 stainless steel or as required to be compatible with and 

resistant to corrosion by the process fluid. 
 

7. Probe assembly shall be spring loaded design. 
 

8. The RTD and thermowell assembly shall be furnished with all necessary hardware 
for proper mounting as recommended by the manufacturer. 

 
9. RTD connection head shall meet NEMA 4X requirements except where specified 

otherwise.  Connection head and thermowell assembly shall include a union and two 
pipe nipples, one threading into the head and one into the thermowell for easy 
removal of the head and element from the thermowell. 
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10. RTD connection head for the RTD assembly installed in designated explosive 
hazard areas shall be NEMA 7 explosion-proof head suitable for Class 1, Division 1, 
Group C & D. 

 
B. RTD's shall be as manufactured by Rosemount Engineering Co., or Foxboro equivalent. 

 
2.02 THERMOWELLS 
 

A. Thermowell shall meet the following minimum operational and performance requirements: 
 

1. Thermowell shall be coordinated with RTD for proper fit and operation. 
 

2. Thermowell shall be 316 stainless steel or as required to be compatible with and 
resistant to corrosion by the process fluid. 

 
3. Thermowell shall be heavy duty threaded type with tapered shank and 1" NPT 

process connection. 
 

B. Thermowells shall be as manufactured by Rosemount Engineering Co., or Foxboro 
equivalent. 

 
2.03 RTD WIRES 
 

A. RTD extension wires shall be provided when the RTD assembly and the temperature 
indicating transmitter are mounted separately. RTD extension wires shall meet the following 
requirements: 
 
1. Gauge size and type: 24 gauge, twisted, stranded silver, nickel or tinned copper. 
 
2. Insulation: Teflon insulation for the conductor and outer jacket. 
 
3. Conductor shall be 4-wire color coded. 

 
 
PART 3 -- EXECUTION 
 
3.01 REQUIREMENTS 
 

A. Refer to Section 17700, Part 3 of the Specifications. 
 
 
 

- END OF SECTION - 
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SECTION 17773 
 

ELECTRONIC TEMPERATURE SWITCHES 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design\Builder shall furnish, test, install and place in satisfactory operation the electronic 
temperature switches with all spare parts, accessories, and appurtenances as herein 
specified and as shown on the Drawings. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 17000 – Control and Information System Scope and General Requirements 
 

B. Section 17700 – Powered Instruments, General 
 
C. Section 17910 – Instrument Index  

 
 
PART 2 -- PRODUCTS 
 
2.01 ELECTRONIC TEMPERATURE SWITCH 
 

A. RTD Sensor shall be constructed of 316 L Stainless Steel.  Process connection shall be 1” 
MNPT with 1.2” probe length.   
 

B. Electronics housing shall be powder coated and NEMA 4X rated.  Electronics housing shall 
be close coupled to the temperature switch except where noted in 17910.  Power input shall 
be 24 VDC/VAC.  Relay outputs shall be SPDT rated at 10 amps. Electrical connection shall 
be 1” FNPT.  
 

C. Thermowell shall be provided for each temperature switch.  Thermowell shall have a 1” 
MNPT process connection and shall be inserted into a 1” tee furnished by the Design\Builder. 
Any additional supports shall be furnished and installed by the Design\builder. 

 
D. Electronic temperature switch shall be the TX series or as manufactured by Ameritrol, Inc., or 

approved equal. 
 
 
PART 3 -- EXECUTION 
 
3.01 REQUIREMENTS 
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A.  Provide all hardware necessary for mounting the switches as shown on the Drawings and as 
described herein.  Mounting hardware shall be provided at all locations shown on the 
Drawings including both installed locations. 

 
B. Design\Builder shall install the instruments in strict accordance with the manufacturer’s 

instructions and recommendations.  The manufacturer or a manufacturer’s representative 
shall provide start-up service by a factory-trained technician. 

 
C. Refer to Section 17800, Part 3 of the specifications. 

 
 
 

- END OF SECTION - 
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SECTION 17785 
 

THERMAL FLOW SWITCHES 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design\Builder shall furnish, test, install and place in satisfactory operation the thermal 
flow switches with all spare parts, accessories, and appurtenances as herein specified and as 
shown on the Drawings. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 17000 – Control and Information System Scope and General Requirements 
 

B. Section 17700 – Powered Instruments, General 
 
C. Section 17910 – Instrument Index  

 
 
PART 2 -- PRODUCTS 
 
2.01 THERMAL FLOW SWITCH 
 

A. Sensor shall be made of 316L SS or Hastelloy C-276 as specified in 17910.   Process 
connection shall be ¾” FNPT inlet and outlet.    
 

B. Provide a 6 way mounting bracket for each IX series flow switch.  Any additional supports 
shall be furnished and installed by the Design/Builder. 
 

C. Electronics housing shall be powder coated and NEMA 4X rated.  Electronics housing shall 
be close coupled to the flow switch except where noted in 17910.  Power input shall be 24 
VDC/VAC.  Relay outputs shall be SPDT rated at 10 amps. Electrical connection shall be 1” 
FNPT.    
 

D. Thermal flow switch shall be the IX or FX series or as manufactured by Ameritrol, Inc., or 
approved equal. 

 
 
PART 3 -- EXECUTION 
 
3.01 REQUIREMENTS 
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A. Provide all hardware necessary for mounting the switches as shown on the Drawings and as 
described herein.  Mounting hardware shall be provided at all locations shown on the 
Drawings including both installed locations. 
 

B. Design\Builder shall install the instruments in strict accordance with the manufacturer’s 
instructions and recommendations.  The manufacturer or a manufacturer’s representative 
shall provide start-up service by a factory-trained technician. 
 

C. Refer to Section 17800, Part 3 of the specifications. 
 

 
 

- END OF SECTION - 
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SECTION 17800 
 

ANALYTICAL INSTRUMENTS, GENERAL 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish, install, test and place in operation the analytical 
instruments as scheduled in the following sections together with all signal converters, 
transmitters, isolators, amplifiers, etc. to interface with the process control system as shown 
on the Drawings and as specified.  Mounting of associated indicators, sensors, sampling 
pumps, power supplies, brackets and appurtenances shall be provided as specified herein 
and shown on the Drawings. 

 
B. It is the intent of the Contract Documents that all process taps, isolation valves, nipples, 

penetrations, embedded instrumentation supports, conduit, wiring, terminations, and the 
installation of process instrumentation on process lines shall be provided under this 
Contract.  The Design/Builder shall supervise installation of equipment provided under this 
Section where installation is provided by others. 

 
C. Tapping and connections for primary process sensors shall be sized to suit each individual 

installation and the requirements of the analytical instrument served.  The Design/Builder 
shall ensure that the location, supports, orientation and dimensions of the connections and 
tapping for instruments furnished under this Section are such as to provide the proper 
bracing, the required accuracy of measurement, protection of the sensor from accidental 
damage and accessibility for maintenance while the plant is in operation.  Isolation valves 
shall be provided at all process taps. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 17000 – Control and Information System Scope and General Requirements 
 

B. Section 17500 – Enclosures, General 
 

C. Section 17600 – Unpowered Instruments General 
 

D. Section 17698 – Instrumentation and Control System Accessories 
 

E. Section 17700 – Powered Instruments General 
 

F. Analytical instruments furnished with mechanical equipment shall be furnished, installed, 
tested and calibrated as specified elsewhere in the Contract Documents. 

 
1.03 TOOLS, SUPPLIES AND SPARE PARTS 
 

A. The Design/Builder shall provide spare parts as indicated in the individual instrument 
sections. 
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PART 2 -- PRODUCTS 
 
2.01 GENERAL 
 

A. All instrumentation supplied shall be the manufacturer's latest design.  Unless otherwise 
specified, instruments shall be solid state, electronic, using enclosures to suit specified 
environmental conditions.  Microprocessor-based equipment shall be supplied unless 
otherwise specified.  All instruments shall be provided with mounting hardware and floor 
stands, wall brackets, or instrument racks as shown on the Drawings, or as required. 

 
B. Equipment installed in a hazardous area shall meet Class, Group, and Division as shown on 

the Drawings, to comply with the National Electrical Code. 
 

C. All field instrumentation for outdoor service shall be provided with enclosures that are 
suitable for outdoor service, as follows: 

 
1. Where the manufacturer's enclosures are suitable for outdoor service, they shall be 

provided with instrument sunshades.  Sunshades shall be Style E as manufactured 
by O'Brien Corporation, or equal.  Where possible, these instruments shall be 
mounted in a north facing direction.   

 
2. Where the manufacturer's standard enclosures are not suitable for outdoor service, 

instruments shall be mounted in Field Panels in accordance with Section 17520, 
Field Panels, or may be furnished with Vipak instrument field enclosures as 
manufactured by O'Brien Corporation, equivalent by Intertec, or equal.  It shall not be 
necessary to provide the manufacturer's NEMA 4 or 4X enclosures for instruments 
that will be subsequently mounted in separate field panels.   

 
D. All instruments shall return to accurate measurement without manual resetting upon 

restoration of power after a power failure. 
 

E. Unless otherwise shown or specified, local indicators shall be provided for all instruments. 
Where instruments are located in inaccessible locations, local indicators shall be provided 
and shall be mounted as specified in Subsection 3.01 B herein.  All indicator readouts shall 
be linear in process units.  Readouts of 0-100% shall not be acceptable (except for speed 
and valve position).  Isolated outputs shall be provided for all transmitters. 

 
F. Unless otherwise specified, field instrument and power supply enclosures shall be 316 

stainless steel, fiberglass (or equivalent) or PVC coated copper-free cast aluminum NEMA 
4X construction. 

 
G. Where separate elements and transmitters are required, they shall be fully matched, and 

unless otherwise noted, installed adjacent to the sensor.  Special cables or equipment shall 
be supplied by the associated equipment manufacturer. 

 
H. Electronic equipment shall utilize printed circuitry and shall be coated (tropicalized) to 

prevent contamination by dust, moisture and fungus.  Solid-state components shall be 
conservatively rated for long-term performance and dependability over ambient atmosphere 
fluctuations.  Ambient conditions shall be -20 to 50 degrees C and 20 to 100 percent relative 
humidity, unless otherwise specified.  Field mounted equipment and system components 
shall be designed for installation in dusty, humid, and corrosive service conditions. 
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I. All devices furnished hereunder shall be heavy-duty type, designed for continuous industrial 
service.  The system shall contain products of a single manufacturer, insofar as possible, 
and shall consist of equipment models that are currently in production.  All equipment 
provided, where applicable, shall be of modular construction and shall be capable of field 
expansion. 

 
J. All non-loop-powered instruments and equipment shall be designed to operate on a 60 Hz 

AC power source at a nominal 117 V, plus or minus 10 percent, except where specifically 
noted.  All regulators and power supplies required for compliance with the above shall be 
provided.  Where equipment requires voltage regulation, constant voltage transformers shall 
be supplied. 

 
K. All analog transmitter and controller outputs shall be isolated, 4-20 milliamps into a load of 

0-750 ohms, unless specifically noted otherwise.  All switches shall have double-pole, 
double-throw contacts rated at a minimum of 600 VA, unless specified otherwise. 

 
L. Materials and equipment used shall be UL approved wherever such approved equipment 

and materials are available. 
 
2.02 ANALYSIS INSTRUMENTS 
 

A. Liquid samples shall not pass through housings containing analyzer electronics.  Process 
fluid temperature will be within a range of 40 to 90 degrees F. 

 
B. Where ambient temperatures will affect accuracy by more than 1 percent of span, a suitable 

isothermal enclosure with thermostatically controlled space heater shall be provided. 
 

C. Sample assemblies shall be suitable for submersion or flow-through service as noted and 
shall be chemically inert to constituents of raw wastewater solids or other chemical 
environment, as scheduled.  Where the sample is drawn prior to filtration, the sample 
assemblies shall be capable of handling solids and grease. 

 
D. Each analyzer requiring reagents and/or other replaceable parts shall be furnished with 

sufficient chemicals and replaceable parts for startup and acceptance tests and the 
specified warranty period. 

 
E. Design/Builder's submittals on these analyzers shall include information on monthly reagent 

consumption and a list of replaceable parts required for periodic maintenance and the 
recommended operating periods between replacements.  Installation of analyzers and 
sample preparation shall be in accordance with the analyzer manufacturer's instructions. 

 
F. Analysis instrumentation performance, accuracy and reproducibility shall be as prescribed in 

APHA/AWWA/WEF "Standard Methods for the Examination of Water and Wastewater", 
latest edition. For those measurements specified herein, for which performance 
characteristics are not listed in the above, the supplier shall state instrument performance 
characteristics.  The "referee" method shall be as prescribed in EPA Methods for Chemical 
Analysis of Water and Wastes (1971). 

 
 
PART 3 -- EXECUTION 
 
3.01 INSTALLATION 
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A. General 

 
1. Equipment shall be located so that it is accessible for operation and maintenance.  

 
2. The Design/Builder shall examine the Drawings and shop drawings for various items 

of equipment in order to determine the best arrangement for the work as a whole, 
and shall supervise the installation of process instrumentation supplied under this 
Division. 

 
3. Electrical work shall be performed in compliance with all applicable local codes and 

practices.  Where these specifications and the Drawings do not delineate precise 
installation procedures, API RP550 shall be used as a guide to installation 
procedures. 

 
B. Equipment Mounting and Support 

 
1. Field equipment shall be wall mounted or mounted on two-inch diameter pipe stands 

welded to a 10-inch square by 1/2-inch thick base plate unless shown adjacent to a 
wall or otherwise noted.  Materials of construction shall be aluminum or 316 stainless 
steel.  Instruments attached directly to concrete shall be spaced out from the 
mounting surface not less than 1/2-inch by use of phenolic spacers.  Expansion 
anchors in walls shall be used for securing equipment or wall supports to concrete 
surfaces.  Unless otherwise noted, field instruments shall be mounted between 48 
and 60 inches above the floor or work platform. 

 
2. Embedded pipe supports and sleeves shall be Schedule 40, Type 316 stainless 

steel pipe, ASA B-36.19, with stainless steel blind flange for equipment mounting as 
shown on the Drawings. 

 
3. Materials for miscellaneous mounting brackets and supports shall be 316 stainless 

steel construction. 
 
4. Pipe stands, miscellaneous mounting brackets and supports shall comply with the 

requirements of Division 5 of the specifications. 
 
5. Transmitters shall be oriented such that output indicators are readily visible. 
 

C. Control and Signal Wiring 
 

1. Electrical, control and signal wiring connections to transmitters and elements 
mounted on process piping or equipment shall be made through liquid-tight flexible 
conduit.  Conduit seals shall be provided where conduits enter all field instrument 
enclosures and all cabinetry housing electrical or electronic equipment.  
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3.02 ADJUSTMENT AND CLEANING 
 

A. The Design/Builder shall comply with the requirements of Division 1 of these Specifications 
and all instrumentation and control system tests, inspection, and calibration requirements for 
all instrumentation and controls provided under this Contract and specified herein.  The 
Owner, or his designated representative(s), reserves the right to witness any test, inspection, 
calibration or start-up activity.  Acceptance by the Owner of any plan, report or 
documentation relating to any testing or commissioning activity specified herein shall not 
relieve the Design/Builder of his responsibility for meeting all specified requirements. 

 
B. The instrumentation Design/Builder shall provide the services of factory trained technicians, 

tools and equipment to field calibrate, test, inspect and adjust each instrument to its 
specified performance requirement in accordance with manufacturer's specifications and 
instructions. Any instrument which fails to meet any Contract requirements, or any published 
manufacturer performance specification for functional and operational parameters, shall be 
repaired or replaced, at the discretion of the Owner, at no cost to the Owner.  The 
Design/Builder shall bear all costs and provide all personnel, equipment and materials 
necessary to implement all installation tests and inspection activities for equipment specified 
herein. 

 
C. At least 14 days before the anticipated initiation of installation testing, the Design/Builder 

shall submit to the Owner a detailed description, in duplicate, of the installation tests to be 
conducted to demonstrate the correct operation of the instrumentation supplied hereunder. 

 
D. Field instrument calibration shall conform to the following requirements: 

 
1. The Design/Builder shall provide the services of factory trained instrumentation 

technicians, tools and equipment to field calibrate each instrument supplied under 
this Contract to its specified accuracy in accordance with the manufacturer's 
specification and instructions for calibration. 

 
2. Each instrument shall be calibrated at 0, 25, 50, 75 and 100 percent of span using 

test instruments and specified chemicals of known values to simulate inputs and 
read outputs.  Test instruments shall be rated to an accuracy of at least five (5) times 
greater than the specified accuracy of the instrument being calibrated.  Where 
applicable, such test instruments shall have accuracy’s as set forth by the National 
Institute for Standards and Technology (NIST). 

 
3. The Design/Builder shall provide a written calibration sheet to the Engineer for each 

instrument, certifying that it has been calibrated to its published specified accuracy.  
The Design/Builder shall submit proposed calibration sheets for various types of 
instruments for Owner approval prior to the start of calibration. This sheet shall 
include but not be limited to date, instrument tag numbers, calibration data for the 
various procedures described herein, name of person performing the calibration, a 
listing of the published specified accuracy, permissible tolerance at each point of 
calibration, calibration reading as finally adjusted within tolerance, defect noted, 
corrective action required and corrections made. 

 
4. If doubt exists as to the correct method for calibrating or checking the calibration of 

an instrument, the manufacturer's printed recommendations shall be used as an 
acceptable standard, subject to the approval of the Owner.   
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5. Upon completion of calibration, devices calibrated hereunder shall not be subjected 
to sudden movements, accelerations, or shocks, and shall be installed in permanent 
protected positions not subject to moisture, dirt, and excessive temperature 
variations.  Caution shall be exercised to prevent such devices from being subjected 
to overvoltages, incorrect voltages, overpressure or incorrect air.  Damaged 
equipment shall be replaced and recalibrated at no cost to the Owner. 

 
6. After completion of instrumentation installation, the Design/Builder shall perform a 

loop check.  The Design/Builder shall submit final loop test results with all 
instruments listed in the loop.  Loop test results shall be signed by all representatives 
involved for each loop test. 

 
 
 

- END OF SECTION - 
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SECTION 17801 
 

pH ANALYZERS 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish, test, install and place in satisfactory operation the pH 
analyzers, with all spare parts, accessories, and appurtenances as herein specified and as 
shown on the Drawings. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 17000 - Information and Control System Scope and General Requirements 
 

B. Section 17800 - Analytical Instruments, General 
 
 
PART 2 -- PRODUCTS 
 
2.01 pH SENSORS 
 

A. pH sensors shall be encapsulated in liquid crystal polymer thermoplastic and utilize the 
differential electrode measurement technique.  The sensors shall include an integral 
preamplifier capable of sending a signal over a 5 conductor shielded cable.  The sensors 
shall have the following features and minimum performance requirements: 

 
1. Glass process electrode in buffered pH 7 solution 

2. Integral preamplifier 

3. Integral temperature compensation sensor 

4. Measuring range:  0-14 pH 

5. Maximum pressure:  100 psig at 70C 

6. Sensitivity:  ±0.01 pH 

7. Stability:  0.03 pH per 24 hours, non-cumulative 

8. Operating temperature:  0°C to 70°C 

9. Material:  Ryton or CPVC material as required. 

10. Sensor cable length:  minimum of 10 feet or as shown on the Drawings 
 

B. Sensors shall utilize the 1 ½” CPVC Union Mount shown on the Drawings. 
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C. Sensors shall be the 871PH Series pH sensor as manufactured by Foxboro/Schneider 
Electric or approved equal. 

 
2.02 pH TRANSMITTERS 
 

A. pH transmitters shall be microprocessor-based with a non-volatile memory for calibration 
data.  Transmitters shall be capable of accepting a signal from the sensors specified herein 
and shall provide a linear, isolated 4-20 mA DC proportional output signal.  The transmitters 
shall have the following features and minimum performance requirements: 

 
1. NEMA 4X enclosure suitable for outdoor service, field mounted analyzer 

2. Nominal input power:  120 VAC, 60 Hz 

3. Ambient conditions: -4F to 140F, 0-95% relative humidity, with less than 
7W sensor load 

-4°F to 104°F, 0-95% relative humidity, with less than 
25W sensor load 

4. Graphic dot matrix LCD, 128 x 64 pixels with LED backlighting 

5. Panel face configuration keypad 

6. Temperature compensation 

7. Alarms:  dual high/low alarms 

8. Self-diagnostics 

9. Automatic calibration with buffer recognition 

10. Two isolated Form “C” relay outputs 

11. Two isolated analog (4-20 mA) configurable outputs to include pH and temperature 

12.  History log for up to 100 events 
 

B. Controller shall be by the same manufacturer as the sensor and shall be the 875PH Intelligent 
Electrochemical Analyzer by Foxboro/Schneider Electric or approved equal. 

 
 
PART 3 -- EXECUTION 
 
3.01 REQUIREMENTS 
 

A. Refer to Section 17800, Part 3. 
 
 
 

- END OF SECTION - 
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SECTION 17802 
 

ORP ANALYZERS 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish, test, install and place in satisfactory operation the ORP 
analyzers, with all spare parts, accessories, and appurtenances as herein specified and as 
shown on the Drawings. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 17000 - Information and Control System Scope and General Requirements 
 

B. Section 17800 - Analytical Instruments, General 
 
 
PART 2 -- PRODUCTS 
 
2.01 ORP SENSORS 
 

A. ORP sensors shall be encapsulated in liquid crystal polymer thermoplastic and utilize the 
differential electrode measurement technique.  The sensors shall include an integral 
preamplifier capable of sending a signal over a 5 conductor shielded cable.  The sensors 
shall have the following features and minimum performance requirements: 

 
1. Glass electrode in buffered pH 7 solution with platinum process electrode 

2. Integral preamplifier 

3. Integral temperature compensation sensor 

4. Measuring Range:  -1500 to +1500 mV 

5. Maximum Pressure:  100 psig at 100C 

6. Sensitivity:  ±0.5 mV 

7. Stability:  2 mV per 24 hours, non-cumulative 

8. Operating Temperature:  -5°C to 70°C 

9. Sensor Cable Length:  minimum of 10 feet or as shown on the Drawings 
 

B. Sensors shall be submersion mounted and provided with a PVC mounting pipe and a PVC 
electrode protector. 
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C. Sensor shall be rated for Class I, Div 1, Group D hazardous areas where required. 
 

D. Sensors shall be the 871PH Series ORP sensor as manufactured by Foxboro/Schneider 
Electric or approved equal. 

 
2.02 ORP TRANSMITTERS 
 

A. ORP transmitters shall be microprocessor-based with a non-volatile memory for 
calibration data.  Transmitters shall be capable of accepting a signal from the sensors 
specified herein and shall provide a linear, isolated 4-20 mA DC proportional output signal.  
The transmitters shall have the following features and minimum performance 
requirements: 

 
1. NEMA 4X enclosure suitable for outdoor service, field mounted analyzer 

2. Nominal input power:  120 VAC, 60 Hz 

3. Ambient conditions: -4F to 140F, 0-95% relative 
humidity, with less than 7W sensor load 

-4°F to 104°F, 0-95% relative humidity, with less than 
25W sensor load 

4. Graphic dot matrix LCD, 128 x 64 pixels with LED backlighting 

5. Panel face configuration keypad 

6. Temperature compensation 

7. Alarms:  dual high/low alarms 

8. Self diagnostics 

9. Automatic calibration with buffer recognition 

10. Two isolated Form “C” relay outputs 

11. Two isolated analog (4-20 mA) configurable outputs to include ORP and 
temperature 

12.  History log for up to 100 events 
 

B. Controller shall be by the same manufacturer as the sensor and shall be the 875PH 
Intelligent Electrochemical Analyzer by Foxboro/Schneider Electric or approved equal. 
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PART 3 -- EXECUTION 
 
3.01 REQUIREMENTS 
 

A. Refer to Section 17800, Part 3. 
 
 
 

- END OF SECTION - 
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SECTION 17804 
 

UV254 SENSORS 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design\Builder shall furnish, test, install and place in satisfactory operation the UV254 
sensors with all spare parts, accessories, and appurtenances as herein specified and as 
shown on the Drawings. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 17000 – Control and Information System Scope and General Requirements 
 

B. Section 17800 – Analytical Instruments, General 
 
 
PART 2 -- PRODUCTS 
 
2.01 GENERAL 
 

A. The method of measuring UV absorbance and percent transmittance will be by determining 
the Spectral Absorption Coefficient (SA) at a wavelength of 245 nm using a 2-beam ultra-
violet absorption technology with a 1,2,5 or 50 mm path length.  Instruments that require 
the use of reagents, do not use 2-beam absorption technology or are not in accordance 
with DIN 38404 C3 are not acceptable. 

 
B. Mounting hardware for the UV254 sensors shall be furnished by the manufacturer for each 

sensor location, as shown on the Drawings.  Mounting hardware for the UV254 sensors 
shall be installed by the Design\Builder in accordance with the manufacturer’s 
requirements and recommendations.  Mounting hardware shall be a flow through cell.   

 
2.02 UV254 SENSORS 
 

A. The UV254 sensor shall be connected to a digital controller.   The sensor shall have a 
stainless steel housing and self-cleaning wiper system.  The detector window of the sensor 
shall be automatically cleaned by a built-in wiper that shall eliminate surface films or 
particles.  The sensor shall perform diagnostic routines to reduce calibration and 
maintenance. 
 

B. The sensor shall conform to the following specifications: 
 

   
1. Measuring Range 0.01 to 60 mm-1 at 50 mm or, 

0.1 to 600 mm-1 at 5 mm or, 
0 to 1500 mm-1 at 2 mm or, 
1 to 3,000 mm-1 at 1 mm 
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2. 
 
3. 

Sample Flow 
 
Cable Length 

0.5 l/hour minimum  
 
10 m  

4. Wetted Materials 316 SS 
5. Sample Temperature 2 to 40 C (32 to 104 F) 
6. Sample Pressure 0.5 bar max 
10. Sample pH 4.5 to 9 

 
C. UV254 sensors shall be the model UVAS sc UV Absorbance / %Transmittance sensor as 

manufactured by Hach, or approved equal. 
 
2.03 UV254 CONTROLLERS 
 

A. The microprocessor-based UV254 controller shall be compatible with the UV254 sensor.  
The controller shall receive a signal from the sensor, condition it, and amplify the signal 
for display and transmission. 

 
B. Controllers shall meet the following minimum functional requirements: 
 

1. Housing: NEMA 4X 
2. Power Supply:  115 VAC, 60 Hz 
3. Operating Temperature: -20 - +60 C, 0-95% relative humidity, non-condensing 

 
C. The controller shall have three relay contact outputs that can be activated based on the 

ammonium level.  Relay outputs shall be programmable for various alarms and warning 
conditions that occurred internally within the system or with the process conditions.  
Relays shall be Form-C SPDT contacts rated at 5A, 115/230 VAC.  The control and alarm 
setpoints for the relays shall be adjustable across the full operating range.  LED lights at 
the controller shall indicate that the relay is energized.  The analyzer shall have two linear, 
isolated 4-20mA assignable outputs. 

 
D. The controller display shall be transreflective dot matrix LCD display with LED backlight, 

240 x 160 pixels.  The controller shall have diagnostic screens for messages, including 
scrolling lists for failure and warning alarm conditions, calibration records, and hardware 
tests. 

 
E. UV254 controllers shall be the sc200 Universal Controller as manufactured by Hach, or 

approved equal. 
 

 
PART 3 -- EXECUTION 
 
3.01 REQUIREMENTS 
 

A. Provide all hardware necessary for mounting the sensors and controllers as shown on the 
Drawings and as described herein.  Mounting hardware shall be provided at all locations 
shown on the Drawings. 
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B. Design\Builder shall install the instruments in strict accordance with the manufacturer’s 
instructions and recommendations.  The manufacturer or a manufacturer’s representative 
shall provide start-up service by a factory-trained technician. 

 
C. The manufacturer’s standard annual service agreement shall be provided with all 

instruments furnished under this Section.  The service agreement shall include all parts 
and labor required for all scheduled and unscheduled maintenance, and shall run from 
installation of the instruments until expiration of the warranty period specified in Section 
17080, Quality Assurance. 

 
D. Refer to Section 17800, Part 3 of the specifications. 

 
 
 

- END OF SECTION - 
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SECTION 17805 
 

CONDUCTIVITY SENSORS 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish, test, install and place in satisfactory operation the 
Conductivity sensors with all spare parts, accessories, and appurtenances as herein 
specified and as shown on the Drawings. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 17000 – Control and Information System Scope and General Requirements 
 

B. Section 17800 – Analytical Instruments, General 
 
 
PART 2 -- PRODUCTS 
 
2.01 GENERAL 
 

A. Inductive conductivity sensors shall induce a low current in a closed loop of solution, then 
measure the magnitude of the current ot determine the solution’s conductivity.  One torrid 
induces an alternating current in the solution and the second torroid sensors the magnitude 
of the induced current which is proportional to the conductance of the solution.  A built-in 
PT1000 RTD compensates the measured conductivity for changes in process temperature. 

 
B. Mounting hardware for the conductivity sensors shall be furnished by the manufacturer for 

each sensor location, as shown on the Drawings.  Mounting hardware for the conductivity 
sensors shall be installed by the Design/Builder in accordance with the manufacturer’s 
requirements and recommendations.  Mounting hardware shall be a 2 inch PVC Tee.   

 
2.02 CONDUCTIVITY SENSORS 
 

A. The digital conductivity sensor shall be connected to a digital controller.   The sensor’s 
wetted material shall be PEEK.  The sensor shall be the union style for mounting into a 2 
inch PVC Tee. 
 

B. The sensor shall conform to the following specifications: 
 

   
1. Measuring Range 200 – 2,000,000 microSiemens/cm 

 
2. Sample Flow 3 m (10 ft) per second, max. 
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3. Sample Flow 
 
Cable Length/material 

 
 
15 conductor (plus two isolated shields) with 
PFA-coated jacket, rated to 200 Deg C, 6 m 
(20 ft) long. 

4. Wetted Materials PEEK 
5. Operating Temperature -10 to 200 Deg C (14 to 392 Deg F)  
6. Sample Pressure 5.5 bar (80 PSI) max 

 
C. Capacitance sensors shall be the Model 3700-SC Electrodeless Conductivity sensor as 

manufactured by Hach, or approved equal. 
 
2.03 CONDUCTIVITY CONTROLLERS 
 

A. The microprocessor-based conductivity controller shall be compatible with the conductivity 
sensor.  The controller shall receive a signal from the sensor, condition it, and amplify the 
signal for display and transmission. 

 
B. Controllers shall meet the following minimum functional requirements: 
 

1. Housing: NEMA 4X 
2. Power Supply:  115 VAC, 60 Hz 
3. Operating Temperature: -20 - +60 C, 0-95% relative humidity, non-condensing 

 
C. The controller shall have three relay contact outputs that can be activated based on the 

ammonium level.  Relay outputs shall be programmable for various alarms and warning 
conditions that occurred internally within the system or with the process conditions.  
Relays shall be Form-C SPDT contacts rated at 5A, 115/230 VAC.  The control and alarm 
setpoints for the relays shall be adjustable across the full operating range.  LED lights at 
the controller shall indicate that the relay is energized.  The analyzer shall have two linear, 
isolated 4-20mA assignable outputs. 

 
D. The controller display shall be transreflective dot matrix LCD display with LED backlight, 

240 x 160 pixels.  The controller shall have diagnostic screens for messages, including 
scrolling lists for failure and warning alarm conditions, calibration records, and hardware 
tests. 

 
E. Conductivity controllers shall be the sc200 Universal Controller as manufactured by Hach, 

or approved equal. 
 

 
PART 3 -- EXECUTION 
 
3.01 REQUIREMENTS 
 

A. Provide all hardware necessary for mounting the sensors and controllers as shown on the 
Drawings and as described herein.  Mounting hardware shall be provided at all locations 
shown on the Drawings. 
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B. Design/Builder shall install the instruments in strict accordance with the manufacturer’s 
instructions and recommendations.  The manufacturer or a manufacturer’s representative 
shall provide start-up service by a factory-trained technician. 

 
C. Refer to Section 17800, Part 3 of the specifications. 

 
 
 

- END OF SECTION - 
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SECTION 17811 
 

DISSOLVED OXYGEN ANALYZERS 
 
 
 

PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish, test, install and place in satisfactory operation the 
dissolved oxygen analyzers with all spare parts, accessories, and appurtenances as 
herein specified and as shown on the Drawings. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 17000 - Control and Information System Scope and General Requirements 
 
B. Section 17800 - Analytical Instruments, General 

 
 

PART 2 -- PRODUCTS 
 
2.01 GENERAL 
 

A. Dissolved oxygen sensors shall be of the optical type. 
 
B. The D.O. sensor shall be mounted in a 2” PVC flow through T and shall be installed by 

the Design/Builder in accordance with the manufacturer’s requirements and 
recommendations.  D.O. analyzer mounting hardware shall be the manufacturer’s 
standard mounting hardware, shall allow the probe to be removed from the process 
without tools so that it may be cleaned, and shall secure the probe’s signal cable to ensure 
it does not get damaged when removed for cleaning.  Mounting hardware shall be installed 
to ensure that the D.O. probe remains continuously wet. 

 
 

2.02 DISSOLVED OXYGEN SENSORS 
 

A. Optical-type sensors that shall measures the fluorescence and quenching reactions of a 
ruthenium complex that is immobilized in a sol-gel matrix. 
 

B. Probes shall have an integral thermistor with its data made available to the controller. 
 

C. Sensor specifications shall be as follows: 
 

1. Sensor Drift:: Less than 1% per year 
  ± 0.2°C 
 
2. Response Time: 90% in less than 60 seconds 

 
3. Maximum Pressure: 20 PSI 

 
4. Measurement Range: 0-25.0 ppm 
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5. Sensor Cable: 4 conductor, 22 AWG, polyurethane jacket 
 
6. Operating Temp. Range: 0-60°C 

 
7. Wetted Materials: Epoxy, silicon, and polyurethane 

 
D. Dissolved oxygen sensors shall be the InsitelG Model 10 as manufactured by Insite 

Instrumentation Group. 
 

2.03 DISSOLVED OXYGEN CONTROLLERS 
 

A. The digital dissolved oxygen controller shall be compatible with the optical dissolved 
oxygen sensor.  The controller shall receive a signal from the sensor, condition it, and 
amplify the signal for display and transmission. 

 
B. Controllers shall meet the following minimum functional requirements: 

 
1. Housing: NEMA 4X 

 
2. Power Supply: 115 VAC, 60 Hz 

 
3. Operating Temperature: -40 to +55°C, 0-95% relative humidity, non-

condensing 
 

C. The controller shall have three independently programmable relay contact outputs that 
can be configured based on the dissolved oxygen level. The three relay outputs shall be 
programmable for various alarms and warning conditions that occurred internally within 
the system or with the process conditions. One additional relay is available for jet cleaning.  
Relays 1 and 2 shall be Form-C with contacts rated at 10/6A, 125/250 VAC.  Relays 3 and 
4 shall be Form-A with contacts rated at 10/6A, 125/250 VAC.  The control and alarm 
setpoints for the relays shall be adjustable across the full operating range.  The analyzer 
shall have two linear, isolated 4-20mA assignable outputs.   
 

D. The controller display shall be a two-line. Backlit LCD with extended temperature range 
and resistant to UV. 
 

E. Dissolved oxygen controllers shall be the Model 1000 Universal Controller as 
manufacturer by Insite Instrumentation Group or approved equal. 

 
 
 
PART 3 -- EXECUTION 
 
3.01 REQUIREMENTS 
 
A. Refer to Section 17800, Part 3 of the specifications. 
 
 
 

- END OF SECTION - 
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SECTION 17821 
 

TURBIDITY MONITORING SYSTEMS (LOW RANGE) 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish, test, install and place in satisfactory operation the low range 
turbidity monitoring systems, with all spare parts, accessories, and appurtenances as 
specified herein and as shown on the Drawings. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 17000 – Control and Information System Scope and General Requirements 
 

B. Section 17800 – Analytical Instruments, General 
 
1.03 TOOLS, SUPPLIES AND SPARE PARTS 
 

A. One Maintenance Kit.  Kit includes calibration lid with user manual, lint-free cloths, wire 
maintenance rack, vial cleaning tool, vial compartment cleaning tool, replacement automatic 
cleaning module wiper, 20 NTU sealed vial Stablcal Standard, <0.1 NTU secondary glass 
rod, vial removal kit. 

 
 
PART 2 -- PRODUCTS 
 
2.01 TURBIDITY MONITORS (LOW RANGE) 
 

A. Turbidity sensors and controllers shall be microprocessor-based, meeting the International 
Standard for measurement of Turbidity (ISO 7027-1984 (E)) and shall provide continuous 
monitoring. 

 
B. Features 

 
1. Range: 0-1000 NTU 

2. Precision: ±0.008NTU ±1% of reading (0 – 10 NTU) 
 ±5 percent from 40-100 NTU 

3. Resolution: 0.0001 to 0.999 / 1.000 to 9.999 / 10.00 to 99.999 / 
100 to 1000 NTU 

4. Sample Flow: 0.2 – 1 L/min. 

5. Sample Temperature Range: 50 Deg C Max 
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6. Outputs: Selectable for 0-10mV, 0-100mV, 0-1V or 
4-20 mA. 

7. Diagnostics: Self test diagnostics with alarm indication. 

8. Alarms: Set point alarms for instrument warning and 
system fail. 

 Two 5A, 230 VAC SPDT alarm relays. 

9. Power Requirements: 115/230 VAC, 50/60 Hz, switch selectable. 

10. Enclosure: Sensor and controller enclosures shall be rated  

 NEMA 4X. 

11. Manufacturer: Hach TU5300sc Low Range Turbidimeter or 
approved equal. 

 
 

PART 3 -- EXECUTION 
 
3.01 REQUIREMENTS 
 

A. Refer to Section 17800, Part 3 of the specifications. 
 
 
 

- END OF SECTION - 
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SECTION 17822 
 

TURBIDITY MONITORING SYSTEMS (HIGH RANGE) 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design\Builder shall furnish, test, install and place in satisfactory operation the high 
range turbidity monitoring systems, with all spare parts, accessories, and appurtenances as 
herein specified and as shown on the Drawings. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 17000 - Control and Information System Scope and General Requirements 
 

B. Section 17800 - Analytical Instruments, General 
 
1.03 TOOLS, SUPPLIES AND SPARE PARTS 
 

A. One complete calibration kit shall be provided and shall include a 1-liter calibration cylinder, 
auto pipette and 1 pint bottle of 4000 NTU Formazin Standard Solution with instructions for 
use. 

 
 
PART 2 -- PRODUCTS 
 
2.01 TURBIDITY MONITORS (HIGH RANGE) 
 

A. High range turbidity sensors and controllers shall be microprocessor-based, shall utilize the 
surface scatter method of turbidity detection, and shall provide continuous monitoring. 

 
B. Sensor Features 

 
1. Range: 0-9999 NTU 
 
2. Accuracy: +/- 5 percent of reading from 0-2000 NTU 

+/- 10 percent of reading from 2000-9999 NTU 
 
3. Resolution: 0.01 NTU below 100 NTU 

0.1 NTU from 100-999.9 NTU 
1.0 NTU over 1000 NTU 

 
4. Repeatability: ±1.0 percent 
 
5. Response time: 30 seconds with a flow rate of 2 L/min. 
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6. Sample Flow: 1.0-2.0 L/min. 
 
7. Sample Inlet Fitting: ¾” NPT Female 
 
8. Overflow Drain Fitting: 1” NPT Female 
 
9. Body Drain Fitting: ¾” NPT Female 
 
10. Sample Temperature Range: 0-50°C 
 
11. Enclosure Rating: NEMA 12 
 
12. Controller Outputs: Two (2) selectable for 0-10mV, 0-100mV, 0-1V 

or 4-20 mA. 
 
13. Controller Diagnostics: Self test diagnostics with alarm indication. 
 
14. Controller Alarms: Two turbidity set-point alarms, instrument 

warning and system shutdown alarm.  Each 
alarm is a SPDT relay with unpowered contracts 
rated 6 A @ 230 VAC. 

 
15 Controller Power Requirements: 115/230 VAC, 50/60 Hz, switch selectable. 
 
16. Controller Enclosure Rating: NEMA 4X. 
 
17. Manufacturer: Hach Model Surface Scatter 7, or approved 

equal. 
 

 
 
PART 3 -- EXECUTION 
 
3.01 REQUIREMENTS 
 

A. Refer to Section 17800, Part 3 of the specifications. 
 
 
 

- END OF SECTION - 
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SECTION 17831 
 

CHLORINE ANALYZERS 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish, test, install and place in satisfactory operation the chlorine 
residual analyzers, with all spare parts, accessories, and appurtenances as herein specified 
and as shown on the Drawings. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 17000 – Control and Information System Scope and General Requirements 
 

B. Section 17800 – Analytical Instruments, General 
 
1.03 TOOLS, SUPPLIES AND SPARE PARTS 
 

A. One complete calibration kit shall be provided and shall include a one-year supply of reagents 
for measuring free and total chlorine. 

 
B. One sample conditioning kit, including self-cleaning Y-strainer, pressure regulators, and 

Teflon tubing, shall be provided for each analyzer. 
 
 
PART 2 -- PRODUCTS 
 
2.01 CHLORINE ANALYZER 
 

A. Chlorine analyzers shall employ a US EPA-approved method of measurement using DPD 
indicator and buffer solution and shall be capable of measuring free or total residual chlorine 
by changing the indicator and buffer solutions.  

 
B. Features 

 
1. Range: 0-5 mg/L free or total residual chlorine 

2. Accuracy: Better than 5% of reading or 0.05 mg/L 
whichever is greater 

3. Repeatability: 0.05 mg/L 

4. Resolution: 0.01 mg/L 

5. Sample Flow: 100-500 mL/min.  (Recommended sample flow 
rate setting shall be 250-300 mL/min during the 
sample cell flushing cycle.) 
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6. Sample Inlet Pressure: 120 psig Maximum 

7. Sample Temperature Range: 0-50°C 

8. Cycle Time: 2.5 minutes 

9. Outputs: Selectable for 0-10mV, 0-100mV, 0-1V or 
4-20 mA.  

4-20 mA analog shall be isolated.  Output span 
shall be fully programmable 

10. Diagnostics: Self test diagnostics with alarm indication. 

11. Alarms: Two set point alarms, instrument warning alarm, 
and system shutdown alarm.  Alarm shall be 
SPDT dry contact relay output rated at 5A, 
230 VAC SPDT alarm relays. 

12. Power Requirements: 115/230 VAC, 50/60 Hz, switch selectable. 

13. Enclosure: Sensor and controller enclosures shall be rated 
NEMA 12 for wall or stanchion mounting. 

 
C. The analyzer shall be designed for 30-day unattended operation and shall use only one pint 

of each reagent per month. 
 

D. Residual chlorine analyzer shall be HACH Model CL 17, or approved equal. 
 
 
PART 3 -- EXECUTION 
 
3.01 REQUIREMENTS 
 

A. Refer to Section 17800, Part 3 of the specifications. 
 
 
 

- END OF SECTION - 
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SECTION 17833 
 

AMMONIA/MONOCHLORAMINE ANALYZERS 
 
 
 

PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish, test, install and place in satisfactory operation the 
ammonia/monochloramine analyzers, with all spare parts, accessories, and 
appurtenances as herein specified and as shown on the Drawings. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 17000 – Information and Control System Scope and General Requirements 
 

B. Section 17800 – Analytical Instruments, General 
 
1.03 TOOLS, SUPPLIES AND SPARE PARTS 
 

A. One complete calibration kit. 
 

B. One-year supply of reagents for each type of measurement, standard solutions, and 
cleaning solution. 

 
 

PART 2 -- PRODUCTS 
 
2.01 AMMONIA/MONOCHLORAMINE ANALYZERS 
 

A. The ammonia/monochloramine analyzers shall be microprocessor-controlled process 
analyzers designed to continuously monitor a sample water stream for the following 
parameters: 

 
1. Total ammonia (NH3) (measured value) 

 
2. Free ammonia (NH3) (calculated value) 
 
3. Monochloramine (NH2Cl) as N (measured value) 
 
4. Cl2:NH3 ratio (calculated value) 

 
B. The system shall have the following features and minimum performance requirements: 

 
1. Sample Streams:  One (1)  

 
2. Measuring Range: 0.02 – 2.0 mg/L as N 
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3. Accuracy: ±0.02 ppm as N  ( 0.1 mg/L as Cl2) or ±5% of reading whichever is 
greater 

 
4. Repeatability: ±3% of reading or ±0.01 ppm as N (0.05 mg/L as Cl2 ) whichever is 

greater) 
 

5. Analysis Method: Colorimetric, modified Phenate 
 

6. Sample Flow: 20 to 1000 mL/min 
 

7. Sample Temperature: 5 to 50°C 
 
8. Sample Inlet Pressure: 2.5 to 100 psig at conditioning filter and 0.5 to 30 psig at 

sample inlet block 
 
9. Sample cycle time: 5 minutes per analysis 
 
10. Alarms:  Two SPDT relays.  Relay contacts shall be rated for 5A resistive load at 

230 VAC.  Alarms shall be programmed for sample concentration alarm, analyzer 
system warning or analyzer system shutdown. 

 
11. Outputs: 

 
a. Two (2) isolated 4-20 mA signals per sample stream independently set to 

represent free ammonia, total ammonia, monochloramine residuals, or 
chlorine/ammonia ratio. 

 
b. Digital network interface (Lonworks protocol). 

 
12. Display:  free and total ammonia residuals and monochloramine residual in 

numeric and graphical format 
 

13. Compliance:  UL, CSA and IEC safety standards 
 
14. Power Requirements:  110 VAC, 60 Hz 
 
15. Enclosure:  NEMA 4X, wall-mounted, indoor use only 
 
16. Reagent Use: 1 liter per month per reagent 

 
C. One sample conditioning kit, including self-cleaning Y-strainer, pressure regulators and 

Teflon tubing, shall be provided for each analyzer. 
 

D. The analyzer shall be Hach Model APA 6000 with built-in Aquatrend network interface.   
 
 
PART 3 -- EXECUTION 
 
3.01 REQUIREMENTS 
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A. Design/Builder shall install the instruments in strict accordance with the manufacturer’s 

instructions and recommendations.  The manufacturer or a manufacturer’s representative 
shall provide start-up service by a factory-trained technician. 

 
B. Refer to Section 17800, Part 3. 

 
 
 

- END OF SECTION - 



 

 

[THIS PAGE INTENTIONALLY LEFT BLANK] 



 

Sustainable Water Phase 3 –  Nitrite (NO2)/ Nitrate (NO3)/ Ammonium (NH4) Analyzer – REV 0 
Demonstration Facility 17842-1 IFC June 2017 

SECTION 17842 
 

NITRITE (NO2) / NITRATE (NO3) / AMMONIUM (NH4) ANALYZER 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design\Builder shall furnish, test, install and place in satisfactory operation the 
optical analyzers with all spare parts, accessories, and appurtenances as herein 
specified and as shown on the Drawings. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 17000 – Control and Information System Scope and General Requirements 
 

B. Section 17800 – Analytical Instruments, General 
 
 
PART 2 -- PRODUCTS 
 
2.01 GENERAL 
 

A. The nitrite and nitrate analyzers shall use a photometric measurement method and the 
ammonium analyzer shall use an ion selective potentiometeric measurement method.  
Analyzer modules shall be operated completely separately from each other and measure 
the respective parameter in parallel.   

 
B. Wall mounting hardware with reagent tray shall be provided for the nitrite / nitrate / 

ammonium analyzers by the manufacturer for each analyzer location, as shown on the 
Drawings.  Mounting hardware for the nitrite / nitrate / ammonium sensors shall be 
installed by the Design\Builder in accordance with the manufacturer’s requirements and 
recommendations.  Nitrite / Nitrate / Ammonium analyzer mounting hardware shall be a 
wall mounted unit with reagent tray, and with all accessories.  The number of analyzers 
required per TresCon unit shall be specified in 17910 – Instrument List. 

 
C. A wall mounted PurCon filtration unit shall be provided for each TresCon unit.  The 

PurCon filtration unit shall continuously filter the sample feed to the TresCon unit.  
Mounting hardware for the PurCon unit shall be installed by the Design\Builder in 
accordance with the manufacturer’s requirements and recommendations.  

 
2.03 NITRITE / NITRATE / AMMOUNIUM ANALYZER MODULES, FILTRATION UNIT AND 

CONTROLLER 
   

A. Nitrite Module: 
 
1. Measurement method: Photometric measurement by developing an azo color 

complex. 
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2. Measuring Range : 0.005 – 1.200 mg/l NO2-N 
 

B. Nitrate Module:  
 
1. Measurement method : UV photometric measurement 

 
C. Ammonium Module: 

 
1. Measurement method: Ion selective potentiometric measurement using a gas 

sensitive ammonia electrode. 
 

2. Measuring Range: 0.1 – 9.99 mg/l NH4-N 
 

D. Filtration Unit: 
 
1. One (1) PurCon filtration unit shall be provided for each TreCon unit. 

 
2. PurCon shall operate on the bubble-clean method using microfiltration 

membranes that are designed for the continuous preparation of heavily 
contaminated aqueous sample for on-line analysis. 

 
3. The PurCon unit can provide continuous sample flow adequate for three (3) 

analyzer modules. 
 
4. Sample quality meets the requirements of DIN 38 405 and DIN 38 406. 
 
5. PurCon unit power supply shall be 115VAC/60 HZ. 
 
6. All components required for the microfiltration of the sample shall be enclosed 

within the PurCon unit such as, air compressor, membrane box, electronic 
controller, etc.  

 
2.03 NITRITE / NITRATE / AMMONIUM CONTROLLER 
 

A. The microprocessor-based controller shall be compatible with the all analyzer modules 
listed above.  The controller shall receive a signal from the module, condition it, and 
amplify the signal for display and transmission. 

 
B. Controllers shall meet the following minimum functional requirements: 
 

1. Housing: Controller to be integrally mounted within the TresCon 
unit. 
 

2. Power Supply: 115 VAC, 60 Hz 
 

3. Operating Temperature: -20 - +60 C, 0-95% relative humidity, non-condensing 
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C. The controller shall have three linear, isolated 4-20mA assignable outputs. Thecontroller 
shall have 12 configurable, independent relay outputs.  The relay outputs can be 
configured as parameter alarms or as status indicators of the modules operating status 
such as “in AutoClean” mode” or “in AutoCal” mode. Three adjustable 24 VDC outputs 
can be utilized to energize solenoid valves to allow for permeate to flow into 1 or 2 
optional overflow vessels.  Relays can be manually activated from the controller. 

 
D. The controller shall have two digital interfaces, RS232 and RS485.  Controller shall be 

programmable to change the measuring intervals, or provide a fixed measurement 
interval.   
 

E. Nitrite / Nitrate / Ammonium analyzer modules and controller shall be the TresCon as 
manufactured by WTW, or approved equal.  The filtration system shall be the PurCon as 
manufactured by WTW, or approved equal. 

 
 
PART 3 -- EXECUTION 
 
3.01 REQUIREMENTS 
 

A. Provide all hardware necessary for mounting the analyzer modules and controller as 
shown on the Drawings and as described herein.  Mounting hardware shall be provided 
at all locations shown on the Drawings including both installed and uninstalled spare 
instrument locations. 

 
B. Design\Builder shall install the instruments in strict accordance with the manufacturer’s 

instructions and recommendations.  The manufacturer or a manufacturer’s 
representative shall provide start-up service by a factory-trained technician. 

 
C. Refer to Section 17800, Part 3 of the specifications. 

 
 
 

- END OF SECTION - 
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SECTION 17843 
 

AMMONIUM (NH4) ANALYZER 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design\Builder shall furnish, test, install and place in satisfactory operation the optical 
nitrate analyzers with all spare parts, accessories, and appurtenances as herein specified 
and as shown on the Drawings. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 17000 – Control and Information System Scope and General Requirements 
 

B. Section 17800 – Analytical Instruments, General 
 
 
PART 2 -- PRODUCTS 
 
2.01 GENERAL 
 

A. The ammonium analyzer shall use an ion selective potentiometeric measurement method.   
 

B. Wall mounting hardware with reagent tray shall be provided for the ammonium analyzers 
by the manufacturer for each analyzer location, as shown on the Drawings.  Mounting 
hardware for the ammonium sensors shall be installed by the Design\Builder in 
accordance with the manufacturer’s requirements and recommendations.  Ammonium 
analyzer mounting hardware shall be a wall mounted unit with reagent tray, and with all 
accessories.  The number of analyzers required per TresCon unit shall be specified in 
17910 – Instrument List. 

 
C. A wall mounted PurCon filtration unit shall be provided for each TresCon unit.  The PurCon 

filtration unit shall continuously filter the sample feed to the TresCon unit.  Mounting 
hardware for the PurCon unit shall be installed by the Design\Builder in accordance with 
the manufacturer’s requirements and recommendations.  

 
2.03 AMMOUNIUM ANALYZER MODULES, FILTRATION UNIT AND CONTROLLER 
 
 

A. Ammonium Module: 
 
1. Measurement method: Ion selective potentiometric measurement using a gas 

sensitive ammonia electrode. 
 

2. Measuring Range: 0.1 – 9.99 mg/l NH4-N 
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B. Filtration Unit: 
 
1. One (1) PurCon filtration unit shall be provided for each TreCon Analyzer unit. 

 
2. PurCon shall operate on the bubble-clean method using microfiltration membranes 

that are designed for the continuous preparation of heavily contaminated aqueous 
sample for on-line analysis. 

 
3. The PurCon unit can provide continuous sample flow adequate for three (3) 

analyzer modules. 
 
4. Sample quality meets the requirements of DIN 38 405 and DIN 38 406. 
 
5. PurCon unit power supply shall be 115VAC/60 HZ. 
 
6. All components required for the microfiltration of the sample shall be enclosed 

within the PurCon unit such as, air compressor, membrane box, electronic 
controller, etc.  

 
2.03 NITRITE / NITRATE / AMMONIUM CONTROLLER 
 

A. The microprocessor-based controller shall be compatible with the all analyzer modules 
listed above.  The controller shall receive a signal from the module, condition it, and 
amplify the signal for display and transmission. 

 
B. Controllers shall meet the following minimum functional requirements: 
 

1. Housing: Controller to be integrally mounted within the TresCon 
unit. 
 

2. Power Supply: 115 VAC, 60 Hz 
 

3. Operating Temperature: -20 - +60 C, 0-95% relative humidity, non-condensing 
 
 

C. The controller shall have three linear, isolated 4-20mA assignable outputs. The controller 
shall have 12 configurable, independent relay outputs.  The relay outputs can be 
configured as parameter alarms or as status indicators of the modules operating status 
such as “in AutoClean” mode” or “in AutoCal” mode. Three adjustable 24 VDC outputs 
can be utilized to energize solenoid valves to allow for permeate to flow into 1 or 2 optional 
overflow vessels.  Relays can be manually activated from the controller. 

 
D. The controller shall have two digital interfaces, RS232 and RS485.  Controller shall be 

programmable to change the measuring intervals, or provide a fixed measurement 
interval.   
 

E. Ammonium analyzer modules and controller shall be the TresCon as manufactured by 
WTW, or approved equal.  The filtration system shall be the PurCon as manufactured by 
WTW, or approved equal. 
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PART 3 -- EXECUTION 
 
3.01 REQUIREMENTS 
 

A. Provide all hardware necessary for mounting the analyzer modules and controller as 
shown on the Drawings and as described herein.  Mounting hardware shall be provided 
at all locations shown on the Drawings including both installed and uninstalled spare 
instrument locations. 

 
B. Design\Builder shall install the instruments in strict accordance with the manufacturer’s 

instructions and recommendations.  The manufacturer or a manufacturer’s representative 
shall provide start-up service by a factory-trained technician. 

 
C. The manufacturer’s standard annual service agreement shall be provided with all 

instruments furnished under this Section.  The service agreement shall include all parts 
and labor required for all scheduled and unscheduled maintenance, and shall run from 
installation of the instruments until expiration of the warranty period specified in Section 
17080, Quality Assurance. 

 
D. Refer to Section 17800, Part 3 of the specifications. 

 
 
 

- END OF SECTION - 
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SECTION 17851 
 

SINGLE POINT GAS MONITORING SYSTEMS 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish, test, install and place in satisfactory operation the single 
point gas monitoring systems with all spare parts, accessories, and appurtenances as herein 
specified and as shown on the Drawings. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 17000 - Control and Information System Scope and General Requirements 
 

B. Section 17800 - Analytical Instruments, General 
 
C. Section 17910 – Instrument Index 

 
1.03 TOOLS, SUPPLIES AND SPARE PARTS 

 
A. One gas calibration kit for each gas type shall be provided. 

 
B. One magnetic tool for calibration shall be provided. 

 
 
PART 2 -- PRODUCTS 
 
2.01 GENERAL 
 

A. Gas monitoring systems shall include a sensor to monitor specified gas and a 
microprocessor-based transmitter that is capable of accepting, converting and transmitting a 
4-20 mA signal from the sensor.  The complete gas monitoring system includes one sensor 
and one transmitter.  One system shall be provided per gas per location. 

 
2.02 SENSORS 
 

A. All sensors shall sample and monitor the atmosphere without the aid of pumps or other 
mechanical devices.  Sensors and associated enclosures shall be classified as Class 1, 
Division 1, Group C and D as specified by the National Electric Code.  Sensors shall be 
mounted with non-corrosive hardware as shown in the Drawings and/or as recommended by 
the manufacturer. 
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1. Electrochemical (Toxic and Oxygen) Sensor – Sensors to detect toxic gases and 
oxygen shall be of the electrochemical type and shall not require the periodic 
addition of reagents. 

 
B. Sensor modules shall contain all relevant sensor information within the module so that the 

module may be calibrated off site.  This information shall include sensor manufacturer date, 
gas type, gas range and calibration data.  The sensor module shall not require a battery or 
power source to store this data.   

 
C. Then sensor shall be capable of being integrally mounted to the transmitter.  Sensor shall be 

hot swappable for live maintenance without de-classification of hazardous area.  
 
2.03 TRANSMITTER 
 

A. The transmitter shall be classified as Class I, Division 1, Groups B, C & D.  The transmitter 
shall have a digital readout to indicate the gas type being monitored and the concentration of 
gas present.  The display shall sequentially show the gas type and gas concentration.  The 
transmitter shall have normal, alarm, and fault indicating lights.  Alarm level set points shall 
be adjustable by means of a hand held infrared controller.   

 
B. Transmitters shall have the following specifications: 

 
1. Temperature Range: -40°C to +55°C (Sulfur Dioxide) 
  -20°C to +50°C (Chlorine Gas) 
 
2. Drift: Zero drift, <0.2 ppm/Mo (Chlorine Gas) 
  Zero drift, +/- 0.4 ppm/Mo (Sulfur Dioxide) 
 
3. Accuracy: ±6 ppm or 10% of reading (Chlorine Gas and Sulfur 

Dioxide) 
 
4. Response Times: T50 – 15 seconds, T90 = 35 seconds (Sulfur Dioxide) 

T50 = < 14 seconds, T90 = <34 seconds (Chlorine Gas) 
Warm-up time can last up to 150 seconds 

 
5. Humidity: 15%-90% relative humidity, non-condensing 
 
6. Warranty: 12 months from date of installation, 18 months from date 

of shipment, whichever occurs first. 
 
7. Power: Loop powered 
 
8. Signal Output: 4-20 mA 2-wire current sink 

3.8 mA indicates calibrate mode 
3.5 mA or less indicated a fault condition 

 
9. Conduit Threads: ¾” NPT 

 
C. Calibration shall be performed by a hand held infrared controller.  It shall not be necessary to 

open the monitor enclosure to perform calibration or adjustment of the unit.  With the 
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exception of a monthly check and recalibrations, no periodic maintenance shall be 
necessary.   

 
C. Gas monitoring systems shall be the GT3000 Series that includes the GTX transmitter and 

GTS sensor module as manufactured by Detector Electronics, Ultima X Series as 
manufactured by MSA Instruments, approved equal.  
 

2.04 UNIVERSAL DISPLAY UNIT 
 

A. The Universal Display Unit (UD) shall have a digital read out of the detected gas levels and a 
4-20 mA output.  The UD shall be compatible with the GT3000 series gas detection unit.  
Gas concentration and unit of measure are displayed on a digital display.  All electronics are 
enclosed in an epoxy coated aluminum housing.  A single detector shall be coupled directly 
to the UD.  The UD shall feature non-intrusive calibration.  A magnet is used to perform 
calibration as well as to navigate the UD’s internal menu.  

 
B. The UD shall have the following specifications: 

 
1. Temperature Range: -55C to +75°C  
 
2. Humidity: 5%-90% relative humidity, non-condensing 
 
3. Power: Loop powered, 24 Vdc nominal, 18 to 30 Vdc. 
 
4. Signal Output: 4-20 mA 2-wire current sink 
 
5. Conduit Threads: ¾” NPT 
 
6.  Enclosure Material: Epoxy coated aluminum.  

 
C. The UD shall be the UD10 as manufactured by Detector Electronics, or approved equal.  

 
PART 3 -- EXECUTION 
 
3.01 REQUIREMENTS 
 

A. Refer to Section 17800, Part 3 of the specifications. 
 
 
 

- END OF SECTION - 
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SECTION 17858 
 

OZONE ANALYZERS 
 
 
 

PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall furnish, test, install and place in satisfactory operation the ozone 
analyzers, with all spare parts, accessories, and appurtenances as herein specified and 
as shown on the Drawings. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 17000 – Information and Control System Scope and General Requirements 
 

B. Section 17800 – Analytical Instruments, General 
 

C. Section 17910 – Instrument Index 
 
1.03 TOOLS, SUPPLIES AND SPARE PARTS 
 

A. One recharge kit containing 4 pre-filled cartridges with pre-mounted 2956A membranes 
for C1100 ozone sensors.  Includes o-rings, cotton filters, cleaning tools and dacrons. 

 
 

PART 2 -- PRODUCTS 
 
2.01 OZONE SENSORS 
 

A. The electrochemical sensors shall consist of one cathode and one anode immersed in an 
electrolyte solution which is separated from the sample by a gas permeable membrane.  
Ozone gas penetrating into the cell dissolves in the electrolyte and reacts with the cathode 
causing a measurable electric current.  The current is proportional to the gas 
concentration.   

 
1. Measuring range: 0 ppb – 50 ppm Ozone 

 
2. Accuracy: +/- 4ppm or +/- 5% whichever is greater 
 
3. Repeatability: +/- 0.4 ppb or +/- 5% whichever is greater 
 
4. Pressure rating: 580 psi 
 
5. Response Time: 30 seconds 
 
6. Typical Flow rate: 350 ml/min 
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7. Materials of Construction: Stainless Steel  
 
8. Max distance from sensor to controller using extension cables is 1000 meters.   
 
9. Ozone sensor shall be the C1100 Ozone Sensor by HACH.  No others may be 

submitted for approval. 
 

 
2.02 CONTROLLER 
 

A. The controller shall be compatible with the above specified ozone sensors.   
 

1. Mounting: Wall and pipe version 
 

2. Sensor Inputs: One (1) sensor input 
 

3. Analog Output: three (3) analog outputs 
 
4. Relays: 3 measurement relays  and one instrument system alarm relay  

 
5. Data storage: Rolling or store once mode for up to 1,000 measurements and 

1,000 last operator actions 
 
6. Power Requirements: 110 VAC 50/60 Hz 

 
7. Power Consumption: 6 W 

 
8. Materials of Construction: Stainless Steel and IP65 rated 

 
9. The controller shall be the Orbisphere 410 controller by HACH.  No others may 

be submitted for approval. 
 
2.04 FLOW CHAMBER 
 

A. The flow chamber shall be compatible with the above specified C1100 ozone sensors.   
 

1. The flow chamber shall allow the sensor to be removed and installed without 
having to drain the fluid from the main line.   
 

2. Flow chamber shall be mounted as close to the pipeline as possible.  Flow 
chamber shall be made of 316 stainless steel with 0.25 inch 316 stainless steel 
inlet and drain ports. 

 
3. Flow chamber shall be installed so that the sensor shall be in constant contact 

with the fluid where the flow is stable and rapid. 
 
4. The flow through cells shall be the Flow Chamber model 32001.111 by HACH.  

No others shall be submitted for approval.   
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PART 3 -- EXECUTION 
 
3.01 REQUIREMENTS 
 

A. Design/Builder shall install the instruments in strict accordance with the manufacturer’s 
instructions and recommendations.  The manufacturer or a manufacturer’s representative 
shall provide start-up service by a factory-trained technician. 

 
B. The manufacturer’s standard annual service agreement shall be provided with all 

instruments furnished under this Section.  The service agreement shall include all parts 
and labor required for all scheduled and unscheduled maintenance, and shall run from 
installation of the instruments until expiration of the warranty period specified in Section 
17080, Quality Assurance. 
 

C. Refer to Section 17800, Part 3. 
 
 
 

- END OF SECTION - 
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1.01   THE REQUIREMENT

A. The Design\Builder shall furnish, test, install and place in satisfactory operation all instrumentation as herein specified and as shown on the Drawings.

1.02 RELATED WORK SPECIFIED ELSEWHERE

A. Section 17920 - Control System Input/Output Schedule

B. Section 17950 - Functional Control Descriptions

PART 2 -- INSTRUMENT SCHEDULE

Venturi Flow Meters - Section 17610

  Tag Number Service Description State/Span Units Remarks

FE-0103 Air Scour Blowers Flow 0 - 300 SCFM 4" Line

Rotameters - Section 17635

  Tag Number Service Description State/Span Units Remarks

FI-0191 Softened Water for Sodium Hydroxide Feed to Biofilter Influent 0 - 2 gpm 1/2" line size

FI-0193 Softened Water for Sodium Hydroxide Feed to Chlorine Contact Influent 0 - 2 gpm 1/2" line size

FI-1005 Softened Water to Sodium Hypochlorite to Settled Water 0 - 2 gpm 1/2" line size

FI-1094 Softened Water to Sodium Hypochlorite to Chlorine Contact Influent 0 - 2 gpm 1/2" line size

FI-0407 Softened Water to Monochloramines - Train 1 Rapid Mix/Settled Water 0 - 5 gpm 1" line size

FI-0409 Softened Water to Monochloramines - Train 2 Rapid Mix 0 - 5 gpm 1" line size

FI-0451 Softened Water to Monochloramines - Chlorine Contact Influent 0 - 5 gpm 1" line size

FI-0100 Finished Water to Pipeline Contactor for Tasting 0 -10 gpm 3/4" line size

Pressure Gauges - Section 17650

  Tag Number Service Description State/Span Units Remarks

PG-0433 NPW to Flocculant Aid Polymer Skids Common Influent 0 - 100 PSIG 2" line size

PG-0500 NPW to Filter Aid Polymer Skids Common Influent 0 - 100 PSIG 1" line size

PG-0405 Utility Water to Softening System 0-100 PSIG 2" line size

Thermal Flow Switches - Section 17785

  Tag Number Service Description State/Span Units Remarks

FSL-0105 Coagulant to Rapid Mix Train 1 0 - 5 gph 1/2" line size, 316 SS

FSL-0106 Coagulant to Rapid Mix Train 2 0 - 5 gph 1/2" line size, 316 SS

FSL-0191 Sodium Hydroxide to Biofilter Common Influent 0 - 10 gph 1/2" line size, 316 SS

FSL-0193 Sodium Hydroxide to Chlorine Contact Pipeline Influent 0 - 10 gph 1/2" line size, 316 SS

FSL-0304 Phosphoric Acid to Biofilter Common Influent 0 - 0.2 gph 1/2" line size, 316 SS

SECTION 17910

INSTRUMENT SCHEDULE

PART 1 -- GENERAL
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FSL-0203

Liquid Ammonium Sulfate to Preformed Monochloramine System (Train 1 

Rapid Mix/Settled Water) or Settled Water 0 - 2 gph 1/2" line size, 316 SS

FSL-0204

Liquid Ammonium Sulfate to Preformed Monochloramine System (Train 2 

Rapid Mix) 0 - 2 gph 1/2" line size, 316 SS

FSL-0205

Liquid Ammonium Sulfate to Performed Monochloramine System (Chlorine 

Contact Influent) 0 - 2 gph 1/2" line size, 316 SS

FSL-1005

Sodium Hypochlorite to Preformed Monochloramine (Train 1 Rapid 

Mix/Settled Water) or Settled Water 0 - 5 gph 1/2" line size, Hastelloy C

FSL-1007 Sodium Hypochlorite to Preformed Monochloramine (Train 2 Rapid Mix) 0 - 5 gph 1/2" line size, Hastelloy C

FSL-1009 Sodium Hypochlorite to Biofilter Common Influent 0 - 5 gph 1/2" line size, Hastelloy C

FSL-1092 Sodium Hypochlorite to Filter Backwash Supply 0 - 5 gph 1/2" line size, Hastelloy C

FSL-1094

Sodium Hypochlorite to Preformed Monochloramine (Chlorine Contact 

Influent) or Chlorine Contact Influent 0 - 5 gph 1/2" line size, Hastelloy C

FSL-0401

Flocculation Aid Polymer to Flocculator Train 1 or Stage 2 Rapid Mix Train 

1 0 - 2 gpm 1/2" line size, 316 SS

FSL-0402

Flocculation Aid Polymer to Flocculator Train 2 or Stage 2 Rapid Mix Train 

2 0 - 2 gpm 1/2" line size, 316 SS

FSL-0500 Filter Aid Polymer to Biofilter Influent 0 - 0.5 gpm 1/2" line size, 316 SS

FSL-0405 Softened Water to Preformed Monochloramines 0 - 30 gpm 1/2" line size, 316 SS

FSL-1021 Sodium Bisulfite to Ozone Contactor Effluent 0 - 1 gph 1/2" line size, 316 SS

Tag Number Service Description State/Span Units Remarks

LSLL-0102 GAC Feed Pump Station Pumps Low Level Cutoff 7.00 EL Initial setting

LSHH-0102 GAC Feed Pump Station Pumps High Level Cutoff 13.00 EL Initial setting

LSLL-1210 Drain Pump Station Pumps Low Level Cutoff 7.00 EL Initial setting

LSH-0101 Coagulant Area Sump

LSH-0107 Sodium Hydroxide Area Sump

LSH-0201 Liquid Ammonium Sulfate Area Sump

LSH-0301 Phosphoric Area Sump

LSH-1001 Sodium Hypochlorite Area Sump

LSH-0305 Polymer Area Sump

LSH-0403 Preformed Monochloramine Area Sump

LSH-0501 Calcium Chloride Area Sump

LSH-1001 Sodium Bisulfite Area Sump

Pressure Switches - Section 17675

  Tag Number Service Description State/Span Units Remarks

PSH-0101 Influent Pumps Discharge Pressure 0 - 30 PSIG

PSH-0112 Sedimentation Solids Recycle Pump Train 1 0 - 30 PSIG ring seal required

PSL-0112 Sedimentation Solids Recycle Pump Train 1 0 - 10 PSIG ring seal required

PSH-0132 Sedimentation Solids Recycle Pump Train 2 0 - 30 PSIG ring seal required

PSL-0132 Sedimentation Solids Recycle Pump Train 2 0 - 10 PSIG ring seal required

PSH-0152 Sedimentation Solids Recycle Pump Swing 0 - 30 PSIG ring seal required

PSL-0152 Sedimentation Solids Recycle Pump Swing 0 - 10 PSIG ring seal required
PSH-0102 GAC Backwash Pumps Discharge Pressure 0 - 75 PSIG

PSH-0101 GAC Feed Pumps Discharge Pressure 0 - 75 PSIG

PSH-0301 Aquifer Recharge Well Inlet Press 0 - 50 PSIG

PSH-1210 Drain Pumps Discharge Pressure 0 - 50 PSIG ring seal required

Level Switches (Suspended Float) - Section 17670
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Electronic Temperature Switches - Section 17785

  Tag Number Service Description State/Span Units Remarks

TSH-0407 Preformed Monochoramines to Train 1 Rapid Mix or to Settled Water 0 - 200 Deg F 1" Line

TSH-0409 Preformed Monochloramines to Train 2 Rapid Mix 0 - 200 Deg F 1" Line

TSH-0451 Preformed Monochloramines to Chlorine Contact Influent 0 - 200 Deg F 1" Line

Tag Number Service Description State/Span Units Remarks

FE/FIT-0101 Influent to Rapid Mix Train 1 0 - 750 gpm 10" Line

FE/FIT-0121 Influent to Rapid Mix Train 2 0 - 750 gpm 10" Line

FE/FIT-0105 Sedimentation Solids to Drain Pump Station Train 1 0 - 100 gpm 2" Line

FE/FIT-0125 Sedimentation Solids to Drain Pump Station Train 2 0 - 100 gpm 2" Line

FE/FIT-0113 Sedimentation Solids Recirculation to Flocculation Zone 1 - Train 1 0 - 100 gpm 2" Line

FE/FIT-0133 Sedimentation Solids Recirculation to Flocculation Zone 1 - Train 2 0 - 100 gpm 2" Line

FE/FIT-0162 Biofilter No. 1 Effluent to GAC Feed Pump Station 0 - 400 gpm 4" Line

FE/FIT-0172 Biofilter No. 2 Effluent to GAC Feed Pump Station 0 - 400 gpm 4" Line

FE/FIT-0182 Biofilter No. 3 Effluent to GAC Feed Pump Station 0 - 400 gpm 4" Line

FE/FIT-0192 Biofilter No. 4 Effluent to GAC Feed Pump Station 0 - 400 gpm 4" Line

FE/FIT-0103 Biofilter Backwash from GAC Feed Pump Station Backwash Pumps 0 - 2000 gpm 10" Line

FE/FIT-0220 GAC Vessel 1 Influent Flow 0 - 750 gpm 8" Line

FE/FIT-0230 GAC Vessel 2 Influent Flow 0 - 750 gpm 8" Line
FE/FIT-0110 UV Reactor 1 Influent Flow 0 - 750 gpm 8" Line

FE/FIT-0120 UV Reactor 2 Influent Flow 0 - 750 gpm 8" Line

FE/FIT-0302 Aquifer Recharge BackFlush Flow to Drain Pump Station gpm

10" Line, 120 VAC and analog surge protection required, 

sunshield required.

FE/FIT-1210 Drain Pump Station Flow to Reaeration Channel 0 - 2000 gpm 8" Line

FE/FIT-0406 Softened Water Flow Rate to Preformed Monochloramines 0 - 30 gpm 2" Line 

Tag Number Service Description State/Span Units Remarks

LE/LIT-0160 Biofilter No. 1 Level 0 - 15 ft

LE/LIT-0170 Biofilter No. 2 Level 0 - 15 ft

LE/LIT-0180 Biofilter No. 3 Level 0 - 15 ft

LE/LIT-0190 Biofilter No. 4 Level 0 - 15 ft

LE/LIT-0101 GAC Feed Pump Station Level 0 - 10.25 ft

LE/LIT-1210 Drain Pump Station Level 0 - 10.25 ft

LE/LIT-0102 Coagulant Bulk Storage Tank Level 0 - 12.5 ft Coordinate flange size with tank supplier

LE/LIT-0108 Sodium Hydroxide Bulk Storage Tank Level 0 - 8.5 ft Coordinate flange size with tank supplier

LE/LIT-1003 Sodium Hypochlorite Day Storage Tank Level 0 - 6.5 ft Coordinate flange size with tank supplier

Tag Number Service Description State/Span Units Remarks

LE/LIT-0301 Aquifer Recharge Well Level ft

sensor diameter to be no larger than 3/4 inches, analog 

surge protection required.

LE/LIT-0303 Observation Well No. 1 Level 0 - 123 ft Analog surge protection required

LE/LIT-0304 Observation Well No. 2 Level 0 - 123 ft Analog surge protection required

LE/LIT-0305 Observation Well No. 3 Level 0 - 123 ft Analog surge protection required

Magnetic Flow Meters - Section 17701

Ultrasonic Level Transmitters - Section 17740

Pressure Indicating Transmitters - Section 17760

Submerisble Level (Pressure) Transmitters - Section 17749
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Tag Number Service Description State/Span Units Remarks

PIT-0110 Influent Pump Station Pumps Discharge Pressure 0 - 25 PSIG Analog surge protection required.  Sunshield requried. 

PIT-0104 Air Scour Blowers Discharge Header Pressure 0 - 10 PSIG

PDIT-0151 Air Scour Blowers differential pressure across venturi 6 in

PDIT-0161 Biofilter No. 1 Headloss 0 - 30 ft

PDIT-0171 Biofilter No. 2 Headloss 0 - 30 ft

PDIT-0181 Biofilter No. 3 Headloss 0 - 30 ft

PDIT-0191 Biofilter No. 4 Headloss 0 - 30 ft

PIT-0102 GAC Backwash Pumps Discharge Pressure 0 - 75 PSIG

PIT-0101 GAC Feed Pump Pumps Discharge Pressure 0 - 100 PSIG

PDIT-0221 GAC Vessel 1 Headloss 0 - 75 ft

PDIT-0231 GAC Vessel 2 Headloss 0 - 75 ft

LIT-0223 GAC Vessel 1 Level 0 - 150 ft

LIT-0233 GAC Vessel 2 Level 0 - 150 ft

PIT-0301 Aquifer Recharge Inlet Pressure 0 - 50 PSIG Analog surge protection required.  Sunshield requried. 

PIT-0302 Aquifer Recharge Well Back Flush Pump Discharge Pressure 0 - 50 PSIG Analog surge protection required.  Sunshield requried. 

PIT-1210 Drain Pump Station Discharge Pressure 0 - 50 PSIG

Tag Number Service Description State/Span Units Remarks

TIT-0105 Air Scour Blowers Discharge Header Temperature 0- 300 Deg F

Tag Number Service Description State/Span Units Remarks

TW/TE-0105 Air Scour Blowers Discharge Header Temperature 0 - 300 4" Line

Tag Number Service Description State/Span Units Remarks

AE/AIT-0116

Influent Pump Station Discharge

0 - 14 Separate 4-20 mA signal available for temperature 

AE/AIT-0114
Flocculation Train 1 0 - 14

Hand rail mount required

AE/AIT-0134
Flocculation Train 2 0 - 14

Hand rail mount required

AE/AIT-0103
Train 1 Settled Water 0 - 14

AE/AIT-0123
Train 2 Settled Water 0 - 14

AE/AIT-0102
Ozone Effluent 0 - 14

AE/AIT-0109
Biofilter Common Effluent 0 - 14

AE/AIT-0102
UV Reactor Common Effluent 0 - 14

Pre chlorine contact pipeline

AE/AIT-0140
Post Chlorine Contact Pipeline (post chemical injection) 0 - 14

Analog surge protection required.  Sunshield required. 

Tag Number Service Description State/Span Units Remarks

ORP Analyzers - Section 17802

pH Analyzers - Section 17801

Resistance Temperature Detectors - Section 17772

Temperature Indicating Transmitters - Section 17770
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AE/AIT-0104
Ozone Effluent

0 - 800 mV

AE/AIT-0100
Settled Water Effluent

0 - 800 mV

Tag Number Service Description State/Span Units Remarks

AE/AIT-0222 GAC Vessel No. 1 Effluent 0 - 10 mg/L One anlyzer, multiparameter (up to 6 samples)

GAC Vessel No. 2 Effluent 0 - 10 mg/L

Finished Water To Aquifer Recharge Well 0 - 10 mg/L

Tag Number Service Description State/Span Units Remarks

AE/AIT-0111 Influent Pump Station Discharge 0 - 0.2 abs/cm

AE/AIT-0126 Sedimentation Common Discharge Pre-Chemical Injection 0 - 0.2 abs/cm

AE/AIT-0103 Ozone Effluent 0 - 0.2 abs/cm

AE/AIT-0107 Biofilter Common Effluent 0 - 0.2 abs/cm

AE/AIT-0221 Finished Water To Aquifer Recharge Well 0 - 0.2 abs/cm

Conductivity - Section 17805

   Tag Number Service Description State/Span Units Remarks

AE/AIT-0118 Influent Pump Station Discharge 0 - 2,500 µS/cm

AE/AIT-0223 Finished Water To Aquifer Recharge Well 0 - 2,500 µS/cm

Tag Number Service Description State/Span Units Remarks

AE/AIT/TT-0108 Biofilter Common Discharge 0 - 25 mg/L

AE/AIT/TT-0224 Finished Water To Aquifer Recharge Well 0 - 25 mg/L

Tag Number Service Description State/Span Units Remarks

AE/AIT-0115 Influent Pump Station Discharge 0 - 999 NTU

AE/AIT-0102 Sedimentation Train 1 Effluent 0 - 999 NTU

AE/AIT-0122 Sedimentation Train 2 Effluent 0 - 999 NTU

AE/AIT-0163 Biofilter No. 1 Effluent 0 - 999 NTU
AE/AIT-0173 Biofilter No. 2 Effluent 0 - 999 NTU

AE/AIT-0183 Biofilter No. 3 Effluent 0 - 999 NTU

AE/AIT-0193 Biofilter No. 4 Effluent 0 - 999 NTU

AE/AIT-0106 Biofilter Common Effluent 0 - 999 NTU

AE/AIT-0241 GAC Common Effluent 0 - 999 NTU

Tag Number Service Description State/Span Units Remarks

AE/AIT-1210 Drain Pump Station Common Discharge Turbidity 0 - 10.000 NTU Will require 120 VAC and 4-20 mA surge protection

Tag Number Service Description State/Span Units Remarks

AE/AIT-0128 Pre Ozone - Total Chlorine 0 - 5 mg/L

Turbidity Analyzers (Low Range) - Section 17821

UV 254 Analyzers - Section 17804

TOC Analyzers - Section 17803

Dissolved Oxygen Analyzers - Section 17811

Turbidity Analyzers (High  Range) - Section 17822

Chlorine Analyzers - Section 17831
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AE/AIT-0101 Ozone Effluent 0 - 5 mg/L

AE/AIT-0141 Finished Water (post chlorine contact pipeline) - Total Chlorine 0 - 5 mg/L

Tag Number Service Description State/Span Units Remarks

AE/AIT-0127 Sedimentation Common Effluent 0 - 2 mg/L

AE/AIT-0142 Post Chlorine Contact Pipeline 0 - 2 mg/L

Tag Number Service Description State/Span Units Remarks

AE/AIT-0112 Influent Pump Station Discharge 0 - 20 mg/L

Tag Number Service Description State/Span Units Remarks

AE/AIT-0240 GAC Common Effluent 0 - 20 mg/L

Tag Number Service Description State/Span Units Remarks

AE/AIT-0127 Settled Water Effluent 0 - 2 mg/L Monochloramine and Ammonia signals to DCS

AE/AIT-0142 Finished Water (post chlorine contact pipeline) 0 - 2 mg/L Monochloramine and Ammonia signals to DCS

Monochloramine Analyzers - Section 17833

Nitrite (NO2)/Nitrate (NO3)/Ammonium (NH4)  Analyzers - Section 17842

Ammonia/Monochloramine Analyzers - Section 17833

Ammonium (-NH4) Analyzers - Section 17843
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17920 - Print

1.01 THE REQUIREMENT

A. The Contractor shall furnish, test, install and place in satisfactory operation all control system

inputs and outputs as herein specified and as shown on the Drawings.

1.02 RELATED WORK SPECIFIED ELSEWHERE

A. Section 17910 - Instrument Schedule

B. Section 17950 - Functional Control Descriptions

PART 2 -- CONTROL SYSTEM INPUT / OUTPUT SCHEDULE

HRSD TAG NUMBER Service Description State/Span Type Remarks

Plant Area ANSI

SRC 75 ONST-0101 Influent  Pump 1 Run DI

SRC 75 HSAS-0101 Influent  Pump 1 Auto DI

SRC 75 YACX-0101 Influent  Pump 1 General Fail DI

SRC 75 YAAX-0101 Influent  Pump 1 VFD Fault DI

SRC 75 RUNC-0101 Influent  Pump 1 Control Start/Stop DO

SRC 75 SIXX-0101 Influent  Pump 1 Speed Feedback 0-100% AI

SRC 75 SICX-0101 Influent  Pump 1 Speed Control 0-100% AO

SRC 75 PAHX-0110 Influent Pump 1 High Discharge Pressure DI

SRC 75 ZSOP-0101 Influent Pump 1 Suction Valve Open DI

SRC 75 ZSCL-0101 Influent PuMP 1  Suction Valve Closed DI

SRC 75 ONST-0102 Influent  Pump 2 Run DI

SRC 75 HSAS-0102 Influent  Pump 2 Auto DI

SRC 75 YACX-0102 Influent  Pump 2 General Fail DI

SRC 75 YAAX-0102 Influent  Pump 2 VFD Fault DI

SRC 75 RUNC-0102 Influent  Pump 2 Control Start/Stop DO

SRC 75 SIXX-0102 Influent  Pump 2 Speed Feedback 0-100% AI

SRC 75 SICX-0102 Influent  Pump 2 Speed Control 0-100% AO

SRC 75 PAHX-0110 Influent Pump 2 High Discharge Pressure DI

SRC 75 ZSOP-0102 Influent Pump 2 Suction Valve Open DI

SRC 75 ZSCL-0102 Influent Pump 2 Suction Valve Closed DI

SRC 75 AITX-0110 Influent Pump Station Pressure AI

SRC 75 AITX-0111 Influent Pump Station UV 254 AI

SRC 75 AITX-0112A Influent Pump Station NO2 AI

SRC 75 AITX-0112B Influent Pump Station NO3 AI

SRC 75 AITX-0112C Influent Pump Station NH3 AI

SRC 75 AITX-0115 Influent Pump Station Turbidity AI

SRC 75 AITX-0116 Influent Pump Station pH AI

SRC 75 AITX-0117 Influent Pump Station Temp AI

SRC 75 AITX-0118 Influent Pump Staiton Conductivity AI

SRC 76 FITX-0101 Influent Flow to Rapid Mix Train No. 1 AI

SRC 76 HSAS-0101 Rapid Mix Train No. 1 Inlet Flow Control Valve Auto DI

SRC 76 ZITX-0101 Rapid Mix Train No. 1 Inlet Flow Control Valve position AI

SRC 76 ZCXX-0101 Rapid Mix Train No. 1 Inlet Flow Control Valve postion feedback AO

SRC 76 ONST-0102  Rapid Mix Train No. 1 Mixer No. 1 Run DI

SRC 76 HSAS-0102  Rapid Mix Train No. 1 Mixer No. 1 Auto DI

SRC 76 YACX-0102  Rapid Mix Train No. 1 Mixer No. 1 General Fail DI

SRC 76 YAAX-0102  Rapid Mix Train No. 1 Mixer No. 1 VFD Fault DI
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SRC 76 RUNC-0102  Rapid Mix Train No. 1 Mixer No. 1 Control Start/Stop DO

SRC 76 SIXX-0102  Rapid Mix Train No. 1 Mixer No. 1 Speed Feedback 0-100% AI

SRC 76 SICX-0102  Rapid Mix Train No. 1 Mixer No. 1 Speed Control 0-100% AO

SRC 76 ONST-0104  Rapid Mix Train No. 1 Mixer No. 2 Run DI

SRC 76 HSAS-0104  Rapid Mix Train No. 1 Mixer No. 2 Auto DI

SRC 76 YACX-0104  Rapid Mix Train No. 1 Mixer No. 2 General Fail DI

SRC 76 YAAX-0104  Rapid Mix Train No. 1 Mixer No. 2 VFD Fault DI

SRC 76 RUNC-0104  Rapid Mix Train No. 1 Mixer No. 2 Control Start/Stop DO

SRC 76 SIXX-0104  Rapid Mix Train No. 1 Mixer No. 2 Speed Feedback 0-100% AI

SRC 76 SICX-0104  Rapid Mix Train No. 1 Mixer No. 2 Speed Control 0-100% AO

SRC 76 ONST-0105 Train No. 1 Flocculation  Mixer No. 1 Run DI
SRC 76 HSAS-0105 Train No. 1 Flocculation  Mixer No. 1 Auto DI
SRC 76 YACX-0105 Train No. 1 Flocculation  Mixer No. 1 General Fail DI
SRC 76 YAAX-0105 Train No. 1 Flocculation  Mixer No. 1 VFD Fault DI
SRC 76 RUNC-0105 Train No. 1 Flocculation  Mixer No. 1 Control Start/Stop DO
SRC 76 SIXX-0105 Train No. 1 Flocculation  Mixer No. 1 Speed Feedback 0-100% AI
SRC 76 SICX-0105 Train No. 1 Flocculation  Mixer No. 1 Speed Control 0-100% AO

SRC 76 AITX-0144 Train No. 1 pH AI

SRC 76 ONST-0106 Train No. 1 Flocculation  Mixer No. 2 Run DI

SRC 76 HSAS-0106 Train No. 1 Flocculation  Mixer No. 2 Auto DI

SRC 76 YACX-0106 Train No. 1 Flocculation  Mixer No. 2 General Fail DI

SRC 76 YAAX-0106 Train No. 1 Flocculation  Mixer No. 2 VFD Fault DI

SRC 76 RUNC-0106 Train No. 1 Flocculation  Mixer No. 2 Control Start/Stop DO

SRC 76 SIXX-0106 Train No. 1 Flocculation  Mixer No. 2 Speed Feedback 0-100% AI

SRC 76 SICX-0106 Train No. 1 Flocculation  Mixer No. 2 Speed Control 0-100% AO

SRC 76 ONST-0107 Train No. 1 Flocculation  Mixer No. 3 Run DI

SRC 76 HSAS-0107 Train No. 1 Flocculation  Mixer No. 3 Auto DI

SRC 76 YACX-0107 Train No. 1 Flocculation  Mixer No. 3 General Fail DI

SRC 76 YAAX-0107 Train No. 1 Flocculation  Mixer No. 3 VFD Fault DI

SRC 76 RUNC-0107 Train No. 1 Flocculation  Mixer No. 3 Control Start/Stop DO

SRC 76 SIXX-0107 Train No. 1 Flocculation  Mixer No. 3 Speed Feedback 0-100% AI

SRC 76 SICX-0107 Train No. 1 Flocculation  Mixer No. 3 Speed Control 0-100% AO

SRC 76 ONST-0108 Train No. 1 Sludge Collector Run DI

SRC 76 YAAX-0108 Train No. 1 Sludge Collector Fail DI

SRC 76 RUNC-0108 Train No. 1 Sludge Collector Start/Stop DO

SRC 76 YACX-0108 Train No. 1 Sludge Collector E-Stop DI

SRC 76 AITX-0102 Train No. 1 Settled Water Turbidity AI

SRC 76 AITX-0103 Train No. 1 Settled Water pH AI

SRC 76 HSAS-0109 Settled Water to Ozone Auto DI

SRC 76 ZSOP-0109 Settled Water to Ozone Opened DI

SRC 76 ZSCP-0109 Settled Water to Ozone Closed DI

SRC 76 OPCM-0109 Settled Water to Ozone Open DO

SRC 76 CLCM-0109 Settled Water to Ozone Close DO

SRC 76 HSAS-0110 Train No. 1 Off Spec Water to Process Drain Pump Station Auto DI

SRC 76 ZSOP-0110 Train No. 1 Off Spec Water to Process Drain Pump Station Opened DI

SRC 76 ZSCP-0110 Train No. 1 Off Spec Water to Process Drain Pump Station Closed DI

SRC 76 OPCM-0110 Train No. 1 Off Spec Water to Process Drain Pump Station Open DO

SRC 76 CLCM-0110 Train No. 1 Off Spec Water to Process Drain Pump Station Close DO

SRC 76 HSAS-0111 Train No. 1 Sedimentation Basin  Sludge Discharge Auto DI

SRC 76 ZSOP-0111 Train No. 1 Sedimentation Basin  Sludge Discharge Opened DI

SRC 76 ZSCP-0111 Train No. 1 Sedimentation Basin  Sludge Discharge Closed DI

SRC 76 OPCM-0111 Train No. 1 Sedimentation Basin  Sludge Discharge Open DO

SRC 76 CLCM-0111 Train No. 1 Sedimentation Basin  Sludge Discharge Close DO

SRC 76 FITX-0105 Train No. 1 Sludge Waste Flow to Drain Pump Station AI

SRC 76 FITX-0121 Influent Flow to Rapid Mix Train No. 2 AI

SRC 76 HSAS-0121 Rapid Mix Train No. 2 Inlet Flow Control Valve Auto DI
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SRC 76 ZITX-0121 Rapid Mix Train No. 2 Inlet Flow Control Valve position AI

SRC 76 ZCXX-0121 Rapid Mix Train No. 2 Inlet Flow Control Valve postion feedback AO

SRC 76 ONST-0122  Rapid Mix Train No. 2 Mixer No. 1 Run DI

SRC 76 HSAS-0122  Rapid Mix Train No. 2 Mixer No. 1 Auto DI

SRC 76 YACX-0122  Rapid Mix Train No. 2 Mixer No. 1 General Fail DI

SRC 76 YAAX-0122  Rapid Mix Train No. 2 Mixer No. 1 VFD Fault DI

SRC 76 RUNC-0122  Rapid Mix Train No. 2 Mixer No. 1 Control Start/Stop DO

SRC 76 SIXX-0122  Rapid Mix Train No. 2 Mixer No. 1 Speed Feedback 0-100% AI

SRC 76 SICX-0122  Rapid Mix Train No. 2 Mixer No. 1 Speed Control 0-100% AO

SRC 76 ONST-0124  Rapid Mix Train No. 2 Mixer No. 2 Run DI

SRC 76 HSAS-0124  Rapid Mix Train No. 2 Mixer No. 2 Auto DI

SRC 76 YACX-0124  Rapid Mix Train No. 2 Mixer No. 2 General Fail DI

SRC 76 YAAX-0124  Rapid Mix Train No. 2 Mixer No. 2 VFD Fault DI

SRC 76 RUNC-0124  Rapid Mix Train No. 2 Mixer No. 2 Control Start/Stop DO

SRC 76 SIXX-0124  Rapid Mix Train No. 2 Mixer No. 2 Speed Feedback 0-100% AI

SRC 76 SICX-0124  Rapid Mix Train No. 2 Mixer No. 2 Speed Control 0-100% AO

SRC 76 ONST-0125 Train No. 2 Flocculation  Mixer No. 1 Run DI

SRC 76 HSAS-0125 Train No. 2 Flocculation  Mixer No. 1 Auto DI

SRC 76 YACX-0125 Train No. 2 Flocculation  Mixer No. 1 General Fail DI

SRC 76 YAAX-0125 Train No. 2 Flocculation  Mixer No. 1 VFD Fault DI

SRC 76 RUNC-0125 Train No. 2 Flocculation  Mixer No. 1 Control Start/Stop DO

SRC 76 SIXX-0125 Train No. 2 Flocculation  Mixer No. 1 Speed Feedback 0-100% AI

SRC 76 SICX-0125 Train No. 2 Flocculation  Mixer No. 1 Speed Control 0-100% AO

SRC 76 AITX-0134 Train No. 2 pH AI

SRC 76 ONST-0126 Train No. 2 Flocculation  Mixer No. 2 Run DI

SRC 76 HSAS-0126 Train No. 2 Flocculation  Mixer No. 2 Auto DI

SRC 76 YACX-0126 Train No. 2 Flocculation  Mixer No. 2 General Fail DI

SRC 76 YAAX-0126 Train No. 2 Flocculation  Mixer No. 2 VFD Fault DI

SRC 76 RUNC-0126 Train No. 2 Flocculation  Mixer No. 2 Control Start/Stop DO

SRC 76 SIXX-0126 Train No. 2 Flocculation  Mixer No. 2 Speed Feedback 0-100% AI

SRC 76 SICX-0126 Train No. 2 Flocculation  Mixer No. 2 Speed Control 0-100% AO

SRC 76 ONST-0127 Train No. 2 Flocculation  Mixer No. 3 Run DI

SRC 76 HSAS-0127 Train No. 2 Flocculation  Mixer No. 3 Auto DI

SRC 76 YACX-0127 Train No. 2 Flocculation  Mixer No. 3 General Fail DI

SRC 76 YAAX-0127 Train No. 2 Flocculation  Mixer No. 3 VFD Fault DI

SRC 76 RUNC-0127 Train No. 2 Flocculation  Mixer No. 3 Control Start/Stop DO

SRC 76 SIXX-0127 Train No. 2 Flocculation  Mixer No. 3 Speed Feedback 0-300% AI

SRC 76 SICX-0127 Train No. 2 Flocculation  Mixer No. 3 Speed Control 0-300% AO

SRC 76 ONST-0128 Train No. 2 Sludge Collector Run DI

SRC 76 YAAX-0128 Train No. 2 Sludge Collector Fail DI

SRC 76 RUNC-0128 Train No. 2 Sludge Collector Start/Stop DO

SRC 76 YACX-0128 Train No. 2 Sludge Collector E-Stop DI

SRC 76 AITX-0122 Train No. 2 Settled Water Turbidity AI

SRC 76 AITX-0123 Train No. 2 Settled Water pH AI

SRC 76 HSAS-0129 Settled Water to Ozone Auto DI

SRC 76 ZSOP-0129 Settled Water to Ozone Opened DI

SRC 76 ZSCP-0129 Settled Water to Ozone Closed DI

SRC 76 OPCM-0129 Settled Water to Ozone Open DO

SRC 76 CLCM-0129 Settled Water to Ozone Close DO

SRC 76 HSAS-0130 Train No. 2 Off Spec Water to Process Drain Pump Station Auto DI

SRC 76 ZSOP-0130 Train No. 2 Off Spec Water to Process Drain Pump Station Opened DI

SRC 76 ZSCP-0130 Train No. 2 Off Spec Water to Process Drain Pump Station Closed DI

SRC 76 OPCM-0130 Train No. 2 Off Spec Water to Process Drain Pump Station Open DO

SRC 76 CLCM-0130 Train No. 2 Off Spec Water to Process Drain Pump Station Close DO

SRC 76 HSAS-0131 Train No. 2 Sedimentation Basin  Sludge Discharge Auto DI

SRC 76 ZSOP-0131 Train No. 2 Sedimentation Basin  Sludge Discharge Opened DI

SRC 76 ZSCP-0131 Train No. 2 Sedimentation Basin  Sludge Discharge Closed DI

SRC 76 OPCM-0131 Train No. 2 Sedimentation Basin  Sludge Discharge Open DO
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SRC 76 CLCM-0131 Train No. 2 Sedimentation Basin  Sludge Discharge Close DO

SRC 76 FITX-0125 Train No. 2 Sludge Waste Flow to Drain Pump Station AI

SRC 76 AITX-0126 Settled Water to Ozone UV254 AI

SRC 76 AITA-0127 Settled Water to Ozone NHCL AI

SRC 76 AITB-0127 Settled Water to Ozone Ammonia AI This signal is coming from AIT-0127

SRC 76 AITX-0128 Settled Water to Ozone Total Chlorine AI

SRC 76 AITX-0100 Settled Water to Ozone ORP AI

SRC 76 FITX-0113 Settled Solids Recirculation Flow Meter Train No. 1 AI

SRC 76 ONST-0112 Settled Solids Recycle Pump Train No. 1 Run DI

SRC 76 HSAS-0112 Settled Solids Recycle Pump Train No. 1 Auto DI

SRC 76 YACX-0112 Settled Solids Recycle Pump Train No. 1 General Fail DI

SRC 76 YAAX-0112 Settled Solids Recycle Pump Train No. 1 VFD Fault DI

SRC 76 RUNC-0112 Settled Solids Recycle Pump Train No. 1 Start/Stop DO

SRC 76 SIXX-0112 Settled Solids Recycle Pump Train No. 1 Speed Feedback 0-100% AI

SRC 76 SICX-0112 Settled Solids Recycle Pump Train No. 1 Speed Control 0-100% AO

SRC 76 FITX-0133 Settled Solids Recirculation Flow Meter Train No. 2 AI

SRC 76 ONST-0132 Settled Solids Recycle Pump Train No. 2 Run DI

SRC 76 HSAS-0132 Settled Solids Recycle Pump Train No. 2 Auto DI

SRC 76 YACX-0132 Settled Solids Recycle Pump Train No. 2 General Fail DI

SRC 76 YAAX-0132 Settled Solids Recycle Pump Train No. 2 VFD Fault DI

SRC 76 RUNC-0132 Settled Solids Recycle Pump Train No. 2 Start/Stop DO

SRC 76 SIXX-0132 Settled Solids Recycle Pump Train No. 2 Speed Feedback 0-100% AI

SRC 76 SICX-0132 Settled Solids Recycle Pump Train No. 2 Speed Control 0-100% AO

SRC 76 ONST-0152 Settled Solids Recycle Pump Swing Run DI

SRC 76 HSAS-0152 Settled Solids Recycle Pump Swing Auto DI

SRC 76 YACX-0152 Settled Solids Recycle Pump Swing General Fail DI

SRC 76 YAAX-0152 Settled Solids Recycle Pump Swing VFD Fault DI

SRC 76 RUNC-0152 Settled Solids Recycle Pump Swing Start/Stop DO

SRC 76 SIXX-0152 Settled Solids Recycle Pump Swing Speed Feedback 0-100% AI

SRC 76 SICX-0152 Settled Solids Recycle Pump Swing Speed Control 0-100% AO

SRC 77 AITX-0101 Ambient Ozone Detector - In Lab AI

SRC 77 AITX-0102 Ozone Residual in Ozone Pipeline (first 3 samples) AI There is only one output from each AIT 

SRC 77 AITX-0108 Ozone Residual in Ozone Pipeline (second 3 samples) AI There is only one output from each AIT

SRC 77 LITX-0201 LOX Tank Level AI

SRC 77 PITX-0201 LOX Tank Pressure AI

SRC 77 ONST-0201 Vaporizer No. 1 On DI

SRC 77 YACX-0201 Vaporizer No. 1 Fail DI

SRC 77 ONST-0202 Vaporizer No. 2 On DI

SRC 77 YACX-0202 Vaporizer No. 2 Fail DI

SRC 77 ZSOP-0201 Vaporizer Discharge Valve Open DI

SRC 77 ZSCP-0201 Vaporizer Discharge Valve Closed DI

SRC 77 TITX-0203 GOX Temperature AI

SRC 77 PITX-0203 GOX Pressure AI

SRC 78 AITX-0101 Biofilter Influent Total Chlorine AI

SRC 78 AITX-0102 Biofilter Influent pH AI

SRC 78 AITX-0100 Biolfilter Influent UV254 AI

SRC 78 ATIX-0110 Biofilter Influent ORP AI

SRC 78 ONST-0101 Biofilter Air Scour Blower No. 1 Run DI

SRC 78 HSAS-0101 Biofilter Air Scour Blower No. 1 Auto DI

SRC 78 YACX-0101 Biofilter Air Scour Blower No. 1 General Fail DI

SRC 78 YAAX-0101 Biofilter Air Scour Blower No. 1 VFD Fault DI

SRC 78 RUNC-0101 Biofilter Air Scour Blower No. 1 Start/Stop DO

SRC 78 SIXX-0101 Biofilter Air Scour Blower No. 1 0-100% AI

SRC 78 SICX-0101 Biofilter Air Scour Blower No. 1 0-100% AO

SRC 78 ONST-0102 Biofilter Air Scour Blower No. 2 Run DI

SRC 78 HSAS-0102 Biofilter Air Scour Blower No. 2 Auto DI

SRC 78 YACX-0102 Biofilter Air Scour Blower No. 2 General Fail DI

SRC 78 YAAX-0102 Biofilter Air Scour Blower No. 2 VFD Fault DI
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SRC 78 RUNC-0102 Biofilter Air Scour Blower No. 2 Start/Stop DO

SRC 78 SIXX-0102 Biofilter Air Scour Blower No. 2 0-100% AI

SRC 78 SICX-0102 Biofilter Air Scour Blower No. 2 0-100% AO

SRC 78 PDIT-0103 Biofilter Air Scour Discharge Differential Pressure AI

SRC 78 PITX-0104 Biofilter Air Scour Discharge Pressure AI

SRC 78 TITX-0105 Biofilter Air Scour Discharge Temperature AI

SRC 78 AITX-0106 Biofilter Common Effluent Turbidity AI

SRC 78 AITX-0107 Biofilter Common Effluent UV254 AI

SRC 78 AITX-0108 Biofilter Common Effluent DO AI

SRC 78 AITX-0109 Biofilter Common Effluent pH AI

SRC 78 PITX-0111 Biofilter Backwash Supply Pressure AI

SRC 78 LITX-0160 Biofilter No. 1 Level AI
SRC 78 PDIT-0161 Biofilter No. 1 Headloss AI
SRC 78 FITX-0162 Biofilter No. 1 Flow to GAC Feed Pump Station AI

SRC 78 AITX-0163 Biofilter No. 1 Effluent Turb AI

SRC 78 TITX-0165 Biofilter No. 1 Effluent Temp AI

SRC 78 AITX-0166 Biofilter No. 1 Ambient Ozone AI

SRC 78 HSAS-0121 Biofilter No. 1 Filter Influent Valve Auto DI

SRC 78 ZSOP-0121 Biofilter No. 1 Filter Influent Valve Opened DI

SRC 78 ZSCL-0121 Biofilter No. 1 Filter Influent Valve Closed DI

SRC 78 OPCM-0121 Biofilter No. 1 Filter Influent Valve Open DO

SRC 78 CLCM-0121 Biofilter No. 1 Filter Influent Valve Close DO

SRC 78 HSAS-0122 Biofilter No. 1 Effluent to GAC Feed Pump Station Isolation Valve Auto DI

SRC 78 ZSOP-0122 Biofilter No. 1 Effluent to GAC Feed Pump Station Isolation Valve Opened DI

SRC 78 ZSCL-0122 Biofilter No. 1 Effluent to GAC Feed Pump Station Isolation Valve Closed DI

SRC 78 OPCM-0122 Biofilter No. 1 Effluent to GAC Feed Pump Station Isolation Valve Open DO

SRC 78 CLCM-0122 Biofilter No. 1 Effluent to GAC Feed Pump Station Isolation Valve Close DO

SRC 78 HSAS-0123 Biofilter No. 1 Filter to Waste Valve Auto DI

SRC 78 ZSOP-0123 Biofilter No. 1 Filter to Waste Valve Opened DI

SRC 78 ZSCL-0123 Biofilter No. 1 Filter to Waste Valve Closed DI

SRC 78 OPCM-0123 Biofilter No. 1 Filter to Waste Valve Open DO

SRC 78 CLCM-0123 Biofilter No. 1 Filter to Waste Valve Close DO

SRC 78 HSAS-0124 Biofilter No. 1 Backwash Supply Valve Auto DI

SRC 78 ZSOP-0124 Biofilter No. 1 Backwash Supply Valve Opened DI

SRC 78 ZSCL-0124 Biofilter No. 1 Backwash Supply Valve Closed DI

SRC 78 OPCM-0124 Biofilter No. 1 Backwash Supply Valve Open DO

SRC 78 CLCM-0124 Biofilter No. 1 Backwash Supply Valve Close DO

SRC 78 HSAS-0125 Biofilter No. 1 AirScour Supply Valve Auto DI

SRC 78 ZSOP-0125 Biofilter No. 1 AirScour Supply Valve Opened DI

SRC 78 ZSCL-0125 Biofilter No. 1 AirScour Supply Valve Closed DI

SRC 78 OPCM-0125 Biofilter No. 1 AirScour Supply Valve Open DO

SRC 78 CLCM-0125 Biofilter No. 1 AirScour Supply Valve Close DO

SRC 78 HSAS-0126 Biofilter No. 1 Backwash Waste Supply Valve Auto DI

SRC 78 ZSOP-0126 Biofilter No. 1 Backwash Waste Supply Valve Opened DI

SRC 78 ZSCL-0126 Biofilter No. 1 Backwash Waste Supply Valve Closed DI

SRC 78 OPCM-0126 Biofilter No. 1 Backwash Waste Supply Valve Open DO

SRC 78 CLCM-0126 Biofilter No. 1 Backwash Waste Supply Valve Close DO

SRC 78 HSAS-0127 Biofilter No. 1 Effluent Control Valve Auto DI

SRC 78 ZITX-0127 Biofilter No. 1 Effluent Control Valve Position AO

SRC 78 ZCXX-0127 Biofilter No. 1 Effluent Control Valve Position Feedback AI

SRC 78 LITX-0170 Biofilter No. 2 Level AI

SRC 78 PDIT-0171 Biofilter No. 2 Headloss AI

SRC 78 FITX-0172 Biofilter No. 2 Flow to GAC Feed Pump Station AI

SRC 78 AITX-0173 Biofilter No. 2 Effluent Turb AI

SRC 78 TITX-0175 Biofilter No. 2 Effluent Temp AI

SRC 78 HSAS-0131 Biofilter No. 2 Filter Influent Valve Auto DI

SRC 78 ZSOP-0131 Biofilter No. 2 Filter Influent Valve Opened DI
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SRC 78 ZSCL-0131 Biofilter No. 2 Filter Influent Valve Closed DI

SRC 78 OPCM-0131 Biofilter No. 2 Filter Influent Valve Open DO

SRC 78 CLCM-0131 Biofilter No. 2 Filter Influent Valve Close DO

SRC 78 HSAS-0132 Biofilter No. 2 Effluent to GAC Feed Pump Station Isolation Valve Auto DI

SRC 78 ZSOP-0132 Biofilter No. 2 Effluent to GAC Feed Pump Station Isolation Valve Opened DI

SRC 78 ZSCL-0132 Biofilter No. 2 Effluent to GAC Feed Pump Station Isolation Valve Closed DI

SRC 78 OPCM-0132 Biofilter No. 2 Effluent to GAC Feed Pump Station Isolation Valve Open DO

SRC 78 CLCM-0132 Biofilter No. 2 Effluent to GAC Feed Pump Station Isolation Valve Close DO

SRC 78 HSAS-0133 Biofilter No. 2 Filter to Waste Valve Auto DI

SRC 78 ZSOP-0133 Biofilter No. 2 Filter to Waste Valve Opened DI

SRC 78 ZSCL-0133 Biofilter No. 2 Filter to Waste Valve Closed DI

SRC 78 OPCM-0133 Biofilter No. 2 Filter to Waste Valve Open DO

SRC 78 CLCM-0133 Biofilter No. 2 Filter to Waste Valve Close DO

SRC 78 HSAS-0134 Biofilter No. 2 Backwash Supply Valve Auto DI

SRC 78 ZSOP-0134 Biofilter No. 2 Backwash Supply Valve Opened DI

SRC 78 ZSCL-0134 Biofilter No. 2 Backwash Supply Valve Closed DI

SRC 78 OPCM-0134 Biofilter No. 2 Backwash Supply Valve Open DO

SRC 78 CLCM-0134 Biofilter No. 2 Backwash Supply Valve Close DO

SRC 78 HSAS-0135 Biofilter No. 2 AirScour Supply Valve Auto DI

SRC 78 ZSOP-0135 Biofilter No. 2 AirScour Supply Valve Opened DI

SRC 78 ZSCL-0135 Biofilter No. 2 AirScour Supply Valve Closed DI

SRC 78 OPCM-0135 Biofilter No. 2 AirScour Supply Valve Open DO

SRC 78 CLCM-0135 Biofilter No. 2 AirScour Supply Valve Close DO

SRC 78 HSAS-0136 Biofilter No. 2 Backwash Waste Supply Valve Auto DI

SRC 78 ZSOP-0136 Biofilter No. 2 Backwash Waste Supply Valve Opened DI

SRC 78 ZSCL-0136 Biofilter No. 2 Backwash Waste Supply Valve Closed DI

SRC 78 OPCM-0136 Biofilter No. 2 Backwash Waste Supply Valve Open DO

SRC 78 CLCM-0136 Biofilter No. 2 Backwash Waste Supply Valve Close DO

SRC 78 HSAS-0137 Biofilter No. 2 Effluent Control Valve Auto DI

SRC 78 ZITX-0137 Biofilter No. 2 Effluent Control Valve Position AO

SRC 78 ZCXX-0137 Biofilter No. 2 Effluent Control Valve Position Feedback AI

SRC 78 LITX-0180 Biofilter No. 3 Level AI

SRC 78 PDIT-0181 Biofilter No. 3 Headloss AI

SRC 78 FITX-0182 Biofilter No. 3 Flow to GAC Feed Pump Station AI

SRC 78 AITX-0183 Biofilter No. 3 Effluent Turb AI

SRC 78 TITX-0185 Biofilter No. 3 Effluent Temp AI

SRC 78 HSAS-0141 Biofilter No. 3 Filter Influent Valve Auto DI

SRC 78 ZSOP-0141 Biofilter No. 3 Filter Influent Valve Opened DI

SRC 78 ZSCL-0141 Biofilter No. 3 Filter Influent Valve Closed DI

SRC 78 OPCM-0141 Biofilter No. 3 Filter Influent Valve Open DO

SRC 78 CLCM-0141 Biofilter No. 3 Filter Influent Valve Close DO

SRC 78 HSAS-0142 Biofilter No. 3 Effluent to GAC Feed Pump Station Isolation Valve Auto DI

SRC 78 ZSOP-0142 Biofilter No. 3 Effluent to GAC Feed Pump Station Isolation Valve Opened DI

SRC 78 ZSCL-0142 Biofilter No. 3 Effluent to GAC Feed Pump Station Isolation Valve Closed DI

SRC 78 OPCM-0142 Biofilter No. 3 Effluent to GAC Feed Pump Station Isolation Valve Open DO

SRC 78 CLCM-0142 Biofilter No. 3 Effluent to GAC Feed Pump Station Isolation Valve Close DO

SRC 78 HSAS-0143 Biofilter No. 3 Filter to Waste Valve Auto DI

SRC 78 ZSOP-0143 Biofilter No. 3 Filter to Waste Valve Opened DI

SRC 78 ZSCL-0143 Biofilter No. 3 Filter to Waste Valve Closed DI

SRC 78 OPCM-0143 Biofilter No. 3 Filter to Waste Valve Open DO

SRC 78 CLCM-0143 Biofilter No. 3 Filter to Waste Valve Close DO

SRC 78 HSAS-0144 Biofilter No. 3 Backwash Supply Valve Auto DI

SRC 78 ZSOP-0144 Biofilter No. 3 Backwash Supply Valve Opened DI

SRC 78 ZSCL-0144 Biofilter No. 3 Backwash Supply Valve Closed DI

SRC 78 OPCM-0144 Biofilter No. 3 Backwash Supply Valve Open DO

SRC 78 CLCM-0144 Biofilter No. 3 Backwash Supply Valve Close DO

SRC 78 HSAS-0145 Biofilter No. 3 AirScour Supply Valve Auto DI
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SRC 78 ZSOP-0145 Biofilter No. 3 AirScour Supply Valve Opened DI

SRC 78 ZSCL-0145 Biofilter No. 3 AirScour Supply Valve Closed DI

SRC 78 OPCM-0145 Biofilter No. 3 AirScour Supply Valve Open DO

SRC 78 CLCM-0145 Biofilter No. 3 AirScour Supply Valve Close DO

SRC 78 HSAS-0146 Biofilter No. 3 Backwash Waste Supply Valve Auto DI

SRC 78 ZSOP-0146 Biofilter No. 3 Backwash Waste Supply Valve Opened DI

SRC 78 ZSCL-0146 Biofilter No. 3 Backwash Waste Supply Valve Closed DI

SRC 78 OPCM-0146 Biofilter No. 3 Backwash Waste Supply Valve Open DO

SRC 78 CLCM-0146 Biofilter No. 3 Backwash Waste Supply Valve Close DO

SRC 78 HSAS-0147 Biofilter No. 3 Effluent Control Valve Auto DI

SRC 78 ZITX-0147 Biofilter No. 3 Effluent Control Valve Position AO

SRC 78 ZCXX-0147 Biofilter No. 3 Effluent Control Valve Position Feedback AI

SRC 78 LITX-0190 Biofilter No. 4 Level AI

SRC 78 PDIT-0191 Biofilter No. 4 Headloss AI

SRC 78 FITX-0192 Biofilter No. 4 Flow to GAC Feed Pump Station AI

SRC 78 AITX-0193 Biofilter No. 4 Effluent Turb AI

SRC 78 TITX-0195 Biofilter No. 4 Effluent Temp AI

SRC 78 HSAS-0151 Biofilter No. 4 Filter Influent Valve Auto DI

SRC 78 ZSOP-0151 Biofilter No. 4 Filter Influent Valve Opened DI

SRC 78 ZSCL-0151 Biofilter No. 4 Filter Influent Valve Closed DI

SRC 78 OPCM-0151 Biofilter No. 4 Filter Influent Valve Open DO

SRC 78 CLCM-0151 Biofilter No. 4 Filter Influent Valve Close DO

SRC 78 HSAS-0152 Biofilter No. 4 Effluent to GAC Feed Pump Station Isolation Valve Auto DI

SRC 78 ZSOP-0152 Biofilter No. 4 Effluent to GAC Feed Pump Station Isolation Valve Opened DI

SRC 78 ZSCL-0152 Biofilter No. 4 Effluent to GAC Feed Pump Station Isolation Valve Closed DI

SRC 78 OPCM-0152 Biofilter No. 4 Effluent to GAC Feed Pump Station Isolation Valve Open DO

SRC 78 CLCM-0152 Biofilter No. 4 Effluent to GAC Feed Pump Station Isolation Valve Close DO

SRC 78 HSAS-0153 Biofilter No. 4 Filter to Waste Valve Auto DI

SRC 78 ZSOP-0153 Biofilter No. 4 Filter to Waste Valve Opened DI

SRC 78 ZSCL-0153 Biofilter No. 4 Filter to Waste Valve Closed DI

SRC 78 OPCM-0153 Biofilter No. 4 Filter to Waste Valve Open DO

SRC 78 CLCM-0153 Biofilter No. 4 Filter to Waste Valve Close DO

SRC 78 HSAS-0154 Biofilter No. 4 Backwash Supply Valve Auto DI

SRC 78 ZSOP-0154 Biofilter No. 4 Backwash Supply Valve Opened DI

SRC 78 ZSCL-0154 Biofilter No. 4 Backwash Supply Valve Closed DI

SRC 78 OPCM-0154 Biofilter No. 4 Backwash Supply Valve Open DO

SRC 78 CLCM-0154 Biofilter No. 4 Backwash Supply Valve Close DO

SRC 78 HSAS-0155 Biofilter No. 4 AirScour Supply Valve Auto DI

SRC 78 ZSOP-0155 Biofilter No. 4 AirScour Supply Valve Opened DI

SRC 78 ZSCL-0155 Biofilter No. 4 AirScour Supply Valve Closed DI

SRC 78 OPCM-0155 Biofilter No. 4 AirScour Supply Valve Open DO

SRC 78 CLCM-0155 Biofilter No. 4 AirScour Supply Valve Close DO

SRC 78 HSAS-0156 Biofilter No. 4 Backwash Waste Supply Valve Auto DI

SRC 78 ZSOP-0156 Biofilter No. 4 Backwash Waste Supply Valve Opened DI

SRC 78 ZSCL-0156 Biofilter No. 4 Backwash Waste Supply Valve Closed DI

SRC 78 OPCM-0156 Biofilter No. 4 Backwash Waste Supply Valve Open DO

SRC 78 CLCM-0156 Biofilter No. 4 Backwash Waste Supply Valve Close DO

SRC 78 HSAS-0157 Biofilter No. 4 Effluent Control Valve Auto DI

SRC 78 ZITX-0157 Biofilter No. 4 Effluent Control Valve Position AO

SRC 78 ZCXX-0157 Biofilter No. 4 Effluent Control Valve Position Feedback AI

SRC 79 FITX-0220 GAC Vessel No. 1 Influent AI

SRC 79 PDIT-0221 GAC Vessel No. 1 Differential Pressure AI

SRC 79 AITX-0222 GAC Vessel No. 1 TOC AI

SRC 79 LITX-0221 GAC Vessel No. 1 Level AI

SRC 79 HSAS-0202 GAC Vessel No. 1 Influent Valve Auto DI

SRC 79 ZITX-0202 GAC Vessel No. 1 Influent Valve position AI

SRC 79 ZCXX-0202 GAC Vessel No. 1 Influent Valve postion feedback AO
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SRC 79 OPCM-0203 GAC Vessel No. 1 Effluent Closed DI

SRC 79 CLCM-0203 GAC Vessel No. 1 Effluent Open DI

SRC 79 OPCM-0204 GAC Vessel No. 1 in Parallel Closed DI

SRC 79 CLCM-0204 GAC Vessel No. 1 in Parallel Open DI

SRC 79 OPCM-0205 GAC Vessel No. 1 GAC Backwash Supply Closed DI

SRC 79 CLCM-0205 GAC Vessel No. 1 GAC Backwash Supply Open DI

SRC 79 OPCM-0206 GAC Vessel No. 1 GAC Waste Water Closed DI

SRC 79 CLCM-0206 GAC Vessel No. 1 GAC Waste Water Open DI

SRC 79 OPCM-0207 GAC Vessel No. 1 GAC Waste Water Closed DI

SRC 79 CLCM-0207 GAC Vessel No. 1 GAC Waste Water Open DI

SRC 79 FITX-0230 GAC Vessel No. 2 Influent AI

SRC 79 PDIT-0231 GAC Vessel No. 2 Differential Pressure AI

SRC 79 AITX-0232 GAC Vessel No. 2 TOC AI

SRC 79 LITX-0231 GAC Vessel No. 2 Level AI

SRC 79 HSAS-0212 GAC Vessel No. 2 Influent Valve Auto DI

SRC 79 ZITX-0212 GAC Vessel No. 2 Influent Valve position AI

SRC 79 ZCXX-0212 GAC Vessel No. 2 Influent Valve postion feedback AO

SRC 79 OPCM-0213 GAC Vessel No. 2 Effluent Closed DI

SRC 79 CLCM-0213 GAC Vessel No. 2 Effluent Open DI

SRC 79 OPCM-0214 GAC Vessel No. 2 in Parellel Closed DI

SRC 79 CLCM-0214 GAC Vessel No. 2 in Parellel Open DI

SRC 79 OPCM-0215 GAC Vessel No. 2 GAC Backwash Supply Closed DI

SRC 79 CLCM-0215 GAC Vessel No. 2 GAC Backwash Supply Open DI

SRC 79 OPCM-0216 GAC Vessel No. 2 GAC Waste Water Closed DI

SRC 79 CLCM-0216 GAC Vessel No. 2 GAC Waste Water Open DI

SRC 79 OPCM-0217 GAC Vessel No. 2 GAC XXX Closed DI

SRC 79 CLCM-0217 GAC Vessel No. 2 GAC XXX Open DI

SRC 79 AITX-0240 GAC Common Effluent NH3 AI

SRC 79 AITX-0241 GAC Common Effluent Turb AI

SRC 80 AITX-0101 UV Influent UVT AI

SRC 80 FITX-0110 UV Reactor No. 1 Influent Flow Rate AI

SRC 80 HSAS-0110 UV Reactor No. 1 Influent Valve Auto DI

SRC 80 ZSOP-0110 UV Reactor No. 1 Influent Valve Opened DI

SRC 80 ZSCL-0110 UV Reactor No. 1 Influent Valve Closed DI

SRC 80 OPCM-0110 UV Reactor No. 1 Influent Valve Open DO

SRC 80 CLCM-0110 UV Reactor No. 1 Influent Valve Close DO

SRC 80 HSAS-0111 UV Reactor No. 1 Effluent Valve Auto DI

SRC 80 ZITX-0111 UV Reactor No. 1 Effluent Valve position AO

SRC 80 ZCXX-0111 UV Reactor No. 1 Effluent Valve postion feedback AI

SRC 80 FITX-0120 UV Reactor No. 2 Influent Flow Rate AI

SRC 80 HSAS-0120 UV Reactor No. 2 Influent Valve Auto DI

SRC 80 ZSOP-0120 UV Reactor No. 2 Influent Valve Opened DI

SRC 80 ZSCL-0120 UV Reactor No. 2 Influent Valve Closed DI

SRC 80 OPCM-0120 UV Reactor No. 2 Influent Valve Open DO

SRC 80 CLCM-0120 UV Reactor No. 2 Influent Valve Close DO

SRC 80 HSAS-0121 UV Reactor No. 2 Effluent Valve Auto DI

SRC 80 ZITX-0121 UV Reactor No. 2 Effluent Valve position AO

SRC 80 ZCXX-0121 UV Reactor No. 2 Effluent Valve position feedback AI

SRC

80 AITX-0102 UV Reactor Common Effluent pH AI

SRC 80 AITX-0140 Chlorine Contact Pipeline Effluent pH AI
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SRC 80 AITX-0141 Chlorine Contact Pipeline Effluent Total Chlorine AI

SRC 80 AITA-0142 Chlorine Contact Pipeline Effluent NHCl AI

SRC 80 AITB-0142 Chlorine Contact Pipeline Effluent Ammonia AI This signal is coming from AIT-0142

SRC 79 LITX-0101 GAC Feed Pump Station Level AI

SRC 79 LSHH-0101 GAC Feed Pump Station High High Level DI

SRC 79 PITX-0101 GAC Feed Pump Common Discharge Pressure AI

SRC 79 ONST-0111  GAC  Feed Pump No. 1 Run DI

SRC 79 HSAS-0111  GAC  Feed Pump No. 1 Auto DI

SRC 79 YACX-0111  GAC  Feed Pump No. 1 General Fail DI

SRC 79 YAAX-0111  GAC  Feed Pump No. 1 VFD Fault DI

SRC 79 RUNC-0111  GAC  Feed Pump No. 1 Control Start/Stop DO

SRC 79 SIXX-0111  GAC  Feed Pump No. 1 Speed Feedback 0-100% AI

SRC 79 SICX-0111  GAC  Feed Pump No. 1 Speed Control 0-100% AO

SRC 79 ONST-0121  GAC  Feed Pump No. 2 Run DI

SRC 79 HSAS-0121  GAC  Feed Pump No. 2 Auto DI

SRC 79 YACX-0121  GAC  Feed Pump No. 2 General Fail DI

SRC 79 YAAX-0121  GAC  Feed Pump No. 2 VFD Fault DI

SRC 79 RUNC-0121  GAC  Feed Pump No. 2 Control Start/Stop DO

SRC 79 SIXX-0121  GAC  Feed Pump No. 2 Speed Feedback 0-100% AI

SRC 79 SICX-0121  GAC  Feed Pump No. 2 Speed Control 0-100% AO

SRC 79 PITX-0102 Filter Backwash Pump Common Discharge Pressure AI

SRC 79 FITX-0103 Filter Backwash Pump Common Discharge Flowrate AI

SRC 79 ONST-0112  Backwash Pump No. 1 Run DI

SRC 79 HSAS-0112  Backwash Pump No. 1 Auto DI

SRC 79 YACX-0112  Backwash Pump No. 1 General Fail DI

SRC 79 YAAX-0112  Backwash Pump No. 1 VFD Fault DI

SRC 79 RUNC-0112  Backwash Pump No. 1 Control Start/Stop DO

SRC 79 SIXX-0112  Backwash Pump No. 1 Speed Feedback 0-100% AI

SRC 79 SICX-0112  Backwash Pump No. 1 Speed Control 0-100% AO

SRC 79 ONST-0122  Backwash Pump No. 2 Run DI

SRC 79 HSAS-0122  Backwash Pump No. 2 Auto DI

SRC 79 YACX-0122  Backwash Pump No. 2 General Fail DI

SRC 79 YAAX-0122  Backwash Pump No. 2 VFD Fault DI

SRC 79 RUNC-0122  Backwash Pump No. 2 Control Start/Stop DO

SRC 79 SIXX-0122  Backwash Pump No. 2 Speed Feedback 0-100% AI

SRC 79 SICX-0122  Backwash Pump No. 2 Speed Control 0-100% AO

SRC 79 HSAS-0130 Overflow Valve to Drain Pump Station Auto DI

SRC 79 ZITX-0130 Overflow Valve to Drain Pump Station position AI

SRC 79 ZCXX-0130 Overflow Valve to Drain Pump Station postion feedback AO

SRC 26 LITX-1210 Drain Pump Station Level AI

SRC 26 PITX-1210 Drain Pump Station Common Discharge Pressure AI

SRC 26 FITX-1210 Drain Pump Station Common Discharge Flow Rate AI

SRC 26 AITX-1210 Drain Pump Station Common Discharge Turbidity AI

SRC 26 ONST-1211 Drain Pump Station Drain Pump No. 1 Run DI

SRC 26 HSAS-1211 Drain Pump Station Drain Pump No. 1 Auto DI

SRC 26 YACX-1211 Drain Pump Station Drain Pump No. 1 General Fail DI

SRC 26 YAAX-1211 Drain Pump Station Drain Pump No. 1 VFD Fault DI

SRC 26 RUNC-1211 Drain Pump Statin Drain  Pump No. 1 Control Start/Stop DO

SRC 26 SIXX-1211 Drain Pump Station Drain Pump No. 1 Speed Feedback 0-100% AI

SRC 26 SICX-1211 Drain Pump Station Drain  Pump No. 1 Speed Control 0-100% AO

SRC 26 ONST-1221 Drain Pump Station Drain Pump No. 2 Run DI

SRC 26 HSAS-1221 Drain Pump Station Drain Pump No. 2 Auto DI

SRC 26 YACX-1221 Drain Pump Station Drain Pump No. 2 General Fail DI

SRC 26 RUNC-1221 Drain Pump Statin Drain  Pump No. 2 Control Start/Stop DO

SRC 26 SIXX-1221 Drain Pump Station Drain Pump No. 2 Speed Feedback 0-100% AI

SRC 26 SICX-1221 Drain Pump Station Drain  Pump No. 2 Speed Control 0-100% AO
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SRC 75 AITX-0221 Aquifer Recharge Pumps Common Discharge UV254 AI

SRC 75 AITX-0222 Aquifer Recharge Pumps Common Discharge TOC AI

SRC 75 AITX-0223 Aquifer Recharge Pumps Common Discharge Conductivity AI

SRC 75 AITX-0224 Aquifer Recharge Pumps Common Discharge DO AI

SRC 75 PITX-0301 Aquifer Recharge Inlet Pressure AI

SRC 75 LITX-0302 Aquifer Recharge Well Level AI

SRC 75 FITX-0302 Aquifer Recharge Well Backflush Pump Discharge Flow Rate AI

SRC 75 PITX-0302 Aquifer Recharge Well Backflush Pump Discharge Pressure AI

SRC 75 PSHX-0302 Aquifer Recharge Well Backflush Pump Discharge Pressure Switch DI

SRC 75 ONST-0312  Aquifer Recharge Well Backflush Pump Run DI

SRC 75 HSAS-0312  Aquifer Recharge Well Backflush Pump Auto DI

SRC 75 YACX-0312  Aquifer Recharge Well Backflush Pump General Fail DI

SRC 75 YAAX-0312  Aquifer Recharge Well Backflush Pump VFD Fault DI

SRC 75 RUNC-0312  Aquifer Recharge Well Backflush Pump Start/Stop DO

SRC 75 SIXX-0312  Aquifer Recharge Well Backflush Pump 0-100% AI

SRC 75 SCXX-0312  Aquifer Recharge Well Backflush Pump 0-100% AO

SRC 75 VFDS-0312 Aquifer Recharge Well Backflush Pump in VFD Mode DI

SRC 75 YABX-0312 Aquifer Recharge Well Backflush Pump Bypass Fail DI

SRC 75 HSAS-0321 Aquifer Well Influent Isolation Valve Auto DI

SRC 75 ZSOP-0321 Aquifer Well Influent Isolation Valve Opened DI

SRC 75 ZSOC-0321 Aquifer Well Influent Isolation Valve Closed DI

SRC 75 OPCM-0321 Aquifer Well Influent Isolation Valve Open DO

SRC 75 CLCM-0321 Aquifer Well Influent Isolation Valve Close DO

SRC 75 HSAS-0211 Finished Water to Aquifier Recharge Well Isolation Valve Auto DI

SRC 75 ZSOP-0211 Finished Water to Aquifier Recharge Well Isolation Valve Opened DI

SRC 75 ZSOC-0211 Finished Water to Aquifier Recharge Well Isolation Valve Closed DI

SRC 75 OPCM-0211 Finished Water to Aquifier Recharge Well Isolation Valve Open DO

SRC 75 CLCM-0211 Finished Water to Aquifier Recharge Well Isolation Valve Close DO

SRC 75 HSAS-0221 Isolation Valve for PSV Auto DI

SRC 75 ZSOP-0221 Isolation Valve for PSV Opened DI

SRC 75 ZSOC-0221 Isolation Valve for PSV Closed DI

SRC 75 OPCM-0221 Isolation Valve for PSV Open DO

SRC 75 CLCM-0221 Isolation Valve for PSV Close DO

SRC 75 HSAS-0231 Off Spec Water to Drain Pump Station Diversion Valve Auto DI

SRC 75 ZSOP-0231 Off Spec Water to Drain Pump Station Diversion Valve Opened DI

SRC 75 ZSOC-0231 Off Spec Water to Drain Pump Station Diversion Valve Closed DI

SRC 75 OPCM-0231 Off Spec Water to Drain Pump Station Diversion Valve Open DO

SRC 75 CLCM-0231 Off Spec Water to Drain Pump Station Diversion Valve Close DO

SRC 75 HSAS-0241 Aquifer Backwash Diversion Valve Auto DI

SRC 75 ZSOP-0241 Aquifer Backwash Diversion Valve Opened DI

SRC 75 ZSOC-0241 Aquifer Backwash Diversion Valve Closed DI

SRC 75 OPCM-0241 Aquifer Backwash Diversion Valve Open DO

SRC 75 CLCM-0241 Aquifer Backwash Diversion Valve Close DO

SRC 75 HSAS-0251 V-Smart Valve Panel H-O-A Auto DI

SRC 75 ZSOP-0251 V-Smart Valve Opened DI

SRC 75 ZSCP-0251 V-Smart Valve Closed DI

SRC 75 OPCM-0251 V-Smart Valve Open DO

SRC 75 CLCM-0251 V-Smart Valve Close DO

SRC 75 ONST-0251 V-Smart Hydraulic Pump Running Run

SRC 75 LITX-0303 Aquifer Recharge Maintenance Well MW-UPA 0 - 390 feet AI

SRC 75 LITX-0304 Aquifer Recharge Maintenance Well MW-MPA 0 - 290 feet AI

SRC 75 LITX-0305 Aquifer Recharge Maintenance Well MPA-LPA 0 - 290 feet AI

SRC 75 LITX-0306A Aquifer Recharge Maintenance Well MW-SAT 0 - 290 feet AI

SRC 75 LITX-0306B Aquifer Recharge Maintenance Well MW-SAT 0 - 290 feet AI

SRC 75 LITX-0306C Aquifer Recharge Maintenance Well MW-SAT 0 - 290 feet AI

SRC 20 FSHX-2020 Safety Shower/Eyewash in Lab Alarm DI

SRC 20 FSHX-2021 Safety Shower/Eyewash in Process Area near water softener/monochloramine room Alarm DI

SRC 20 FSHX-2022 Safety Shower/Eyewash in Process Area near Maintenance Alarm DI

SRC 20 FSHX-2023 Safety Shower/Eyewash in Process Area near pilot Alarm DI
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SRC 81 ONST-0121 Coagulant Feed Metering Pump 2 Run DI

SRC 20 FSHX-2010 Fill Station Safety Shower/Eyewash Activated DI

SRC 81 LAHX-0101 Coagulant Containment Sump Level High Alarm DI

SRC 20 FAHX-2011 Coagulant Room Safety Shower/Eyewash Activated DI

SRC 81 LITX-0102 Coagulant Bulk Storage Tank AI

SRC 81 LITX-0103 Coagulant Bulk Storage Tank (signal to truck fill panel) AO

SRC 81 ONST-0111 Coagulant Feed Metering Pump 1 Run DI

SRC 81 HSAS-0111 Coagulant Feed Metering Pump 1 Auto DI

SRC 81 YACX-0111 Coagulant Feed Metering Pump 1 Fail DI

SRC 81 HSSI-0111 Coagulant Feed Metering Pump 1 Speed Mode Remote DI

SRC 81 RUNC-0111 Coagulant Feed Metering Pump 1 Control Start/Stop DO

SRC 81 SIXX-0111 Coagulant Feed Metering Pump 1 Speed Feedback 0-100% AI

SRC 81 SCXX-0111 Coagulant Feed Metering Pump 1 Speed Control 0-100% AO

SRC 81 FALX-0105 Coagulant Low Feed to Train 1 Rapid Mix Alarm DI

SRC 81 HSAS-0121 Coagulant Feed Metering Pump 2 Auto DI

SRC 81 YACX-0121 Coagulant Feed Metering Pump 2 Fail DI

SRC 81 HSSI-0121 Coagulant Feed Metering Pump 2 Speed Mode Remote DI

SRC 81 RUNC-0121 Coagulant Feed Metering Pump 2 Control Start/Stop DO

SRC 81 SIXX-0121 Coagulant Feed Metering Pump 2 Speed Feedback 0-100% AI

SRC 81 SCXX-0121 Coagulant Feed Metering Pump 2 Speed Control 0-100% AO

SRC 81 ONST-0131 Coagulant Feed Metering Pump 3 Run DI

SRC 81 HSAS-0131 Coagulant Feed Metering Pump 3 Auto DI

SRC 81 YACX-0131 Coagulant Feed Metering Pump 3 Fail DI

SRC 81 HSSI-0131 Coagulant Feed Metering Pump 3 Speed Mode Remote DI

SRC 81 RUNC-0131 Coagulant Feed Metering Pump 3 Control Start/Stop DO

SRC 81 SIXX-0131 Coagulant Feed Metering Pump 3 Speed Feedback 0-100% AI

SRC 81 SCXX-0131 Coagulant Feed Metering Pump 3 Speed Control 0-100% AO

SRC 81 ONST-0151 Sodium Hydroxide Feed Metering Pump 2 Run DI

SRC 81 FALX-0106 Coagulant Low Feed to Train 2 Rapid Mix Alarm DI

SRC 81 LAHX-0107 Sodium Hydroxide Containment Sump Level High Alarm DI

SRC 20 FAHX-1012 Sodium Hydroxide/Sodium Hypochlorite Room Safety Shower/Eyewash Activated DI

SRC 81 LITX-0108 Sodium Hydroxide Bulk Storage Tank AI

SRC 81 LITX-0109 Sodium Hydroxide Bulk Storage Tank (signal to truck fill panel) AO

SRC 81 ONST-0141 Sodium Hydroxide Feed Metering Pump 1 Run DI

SRC 81 HSAS-0141 Sodium Hydroxide Feed Metering Pump 1 Auto DI

SRC 81 YACX-0141 Sodium Hydroxide Feed Metering Pump 1 Fail DI

SRC 81 HSSI-0141 Sodium Hydroxide Feed Metering Pump 1 Speed Mode Remote DI

SRC 81 RUNC-0141 Sodium Hydroxide Feed Metering Pump 1 Control Start/Stop DO

SRC 81 SIXX-0141 Sodium Hydroxide Feed Metering Pump 1 Speed Feedback 0-100% AI

SRC 81 SCXX-0141 Sodium Hydroxide Feed Metering Pump 1 Speed Control 0-100% AO

SRC 81 FALX--0191 Sodium Hydroxide Low Feed to Biofilter Influent Alarm DI

SRC 81 HSAS-0151 Sodium Hydroxide Feed Metering Pump 2 Auto DI

SRC 81 YACX-0151 Sodium Hydroxide Feed Metering Pump 2 Fail DI

SRC 81 HSSI-0151 Sodium Hydroxide Feed Metering Pump 2 Speed Mode Remote DI

SRC 81 RUNC-0151 Sodium Hydroxide Feed Metering Pump 2 Control Start/Stop DO

SRC 81 SIXX-0151 Sodium Hydroxide Feed Metering Pump 2 Speed Feedback 0-100% AI

SRC 81 SCXX-0151 Sodium Hydroxide Feed Metering Pump 2 Speed Control 0-100% AO

SRC 81 ONST-0161 Sodium Hydroxide Feed Metering Pump 3 Run DI

SRC 81 HSAS-0161 Sodium Hydroxide Feed Metering Pump 3 Auto DI

SRC 81 YACX-0161 Sodium Hydroxide Feed Metering Pump 3 Fail DI

SRC 81 HSSI-0161 Sodium Hydroxide Feed Metering Pump 3 Speed Mode Remote DI

SRC 81 RUNC-0161 Sodium Hydroxide Feed Metering Pump 3 Control Start/Stop DO

SRC 81 SIXX-0161 Sodium Hydroxide Feed Metering Pump 3 Speed Feedback 0-100% AI

SRC 81 SCXX-0161 Sodium Hydroxide Feed Metering Pump 3 Speed Control 0-100% AO

SRC 15 SCXX-1011 Sodium Hypochlorite Feed Metering Pump 1 Speed Control 0-100% AO

SRC 81 FALX-0193 Sodium Hydroxide Low Feed to Chlorine Contact Influent or Chlorine Contact Effluent Alarm DI

SRC 15 LAHX-1001 Sodium Hypochlorite Containment Sump Level High Alarm DI
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SRC 15 AAHX-1002 Chlorine Gas Detector Alarm AI

SRC 15 LITX-1003 Sodium Hypochlorite Day Storage Tank AI

SRC 15 LITX-1004 Sodium Hypochlorite Day Storage Tank (signal to truck fill panel) AO

SRC 15 ONST-1011 Sodium Hypochlorite Feed Metering Pump 1 Run DI

SRC 15 HSAS-1011 Sodium Hypochlorite Feed Metering Pump 1 Auto DI

SRC 15 YACX-1011 Sodium Hypochlorite Feed Metering Pump 1 Fail DI

SRC 15 HSSI-1011 Sodium Hypochlorite Feed Metering Pump 1 Speed Mode Remote DI

SRC 15 RUNC-1011 Sodium Hypochlorite Feed Metering Pump 1 Control Start/Stop DO

SRC 15 SIXX-1011 Sodium Hypochlorite Feed Metering Pump 1 Speed Feedback 0-100% AI

SRC 15 SCXX-1013 Sodium Hypochlorite Feed Metering Pump 3 Speed Control 0-100% AO

SRC 15 ONST-1012 Sodium Hypochlorite Feed Metering Pump 2 Run DI

SRC 15 HSAS-1012 Sodium Hypochlorite Feed Metering Pump 2 Auto DI

SRC 15 YACX-1012 Sodium Hypochlorite Feed Metering Pump 2 Fail DI

SRC 15 HSSI-1012 Sodium Hypochlorite Feed Metering Pump 2 Speed Mode Remote DI

SRC 15 RUNC-1012 Sodium Hypochlorite Feed Metering Pump 2 Control Start/Stop DO

SRC 15 SIXX-1012 Sodium Hypochlorite Feed Metering Pump 2 Speed Feedback 0-100% AI

SRC 15 SCXX-1012 Sodium Hypochlorite Feed Metering Pump 2 Speed Control 0-100% AO

SRC 15 ONST-1013 Sodium Hypochlorite Feed Metering Pump 3 Run DI

SRC 15 HSAS-1013 Sodium Hypochlorite Feed Metering Pump 3 Auto DI

SRC 15 YACX-1013 Sodium Hypochlorite Feed Metering Pump 3 Fail DI

SRC 15 HSSI-1013 Sodium Hypochlorite Feed Metering Pump 3 Speed Mode Remote DI

SRC 15 RUNC-1013 Sodium Hypochlorite Feed Metering Pump 3 Control Start/Stop DO

SRC 15 SIXX-1013 Sodium Hypochlorite Feed Metering Pump 3 Speed Feedback 0-100% AI

SRC 15 SCXX-1015 Sodium Hypochlorite Feed Metering Pump 5 Speed Control 0-100% AO

SRC 15 ONST-1014 Sodium Hypochlorite Feed Metering Pump 4 Run DI

SRC 15 HSAS-1014 Sodium Hypochlorite Feed Metering Pump 4 Auto DI

SRC 15 YACX-1014 Sodium Hypochlorite Feed Metering Pump 4 Fail DI

SRC 15 HSSI-1014 Sodium Hypochlorite Feed Metering Pump 4 Speed Mode Remote DI

SRC 15 RUNC-1014 Sodium Hypochlorite Feed Metering Pump 4 Control Start/Stop DO

SRC 15 SIXX-1014 Sodium Hypochlorite Feed Metering Pump 4 Speed Feedback 0-100% AI

SRC 15 SCXX-1014 Sodium Hypochlorite Feed Metering Pump 4 Speed Control 0-100% AO

SRC 15 ONST-1015 Sodium Hypochlorite Feed Metering Pump 5 Run DI

SRC 15 HSAS-1015 Sodium Hypochlorite Feed Metering Pump 5 Auto DI

SRC 15 YACX-1015 Sodium Hypochlorite Feed Metering Pump 5 Fail DI

SRC 15 HSSI-1015 Sodium Hypochlorite Feed Metering Pump 5 Speed Mode Remote DI

SRC 15 RUNC-1015 Sodium Hypochlorite Feed Metering Pump 5 Control Start/Stop DO

SRC 15 SIXX-1015 Sodium Hypochlorite Feed Metering Pump 5 Speed Feedback 0-100% AI

SRC 15 SCXX-1017 Sodium Hypochlorite Feed Metering Pump 7 Speed Control 0-100% AO

SRC 15 ONST-1015 Sodium Hypochlorite Feed Metering Pump 6 Run DI

SRC 15 HSAS-1015 Sodium Hypochlorite Feed Metering Pump 6 Auto DI

SRC 15 YACX-1015 Sodium Hypochlorite Feed Metering Pump 6 Fail DI

SRC 15 HSSI-1015 Sodium Hypochlorite Feed Metering Pump 6 Speed Mode Remote DI

SRC 15 RUNC-1015 Sodium Hypochlorite Feed Metering Pump 6 Control Start/Stop DO

SRC 15 SIXX-1015 Sodium Hypochlorite Feed Metering Pump 6 Speed Feedback 0-100% AI

SRC 15 SCXX-1015 Sodium Hypochlorite Feed Metering Pump 6 Speed Control 0-100% AO

SRC 15 ONST-1017 Sodium Hypochlorite Feed Metering Pump 7 Run DI

SRC 15 HSAS-1017 Sodium Hypochlorite Feed Metering Pump 7 Auto DI

SRC 15 YACX-1017 Sodium Hypochlorite Feed Metering Pump 7 Fail DI

SRC 15 HSSI-1017 Sodium Hypochlorite Feed Metering Pump 7 Speed Mode Remote DI

SRC 15 RUNC-1017 Sodium Hypochlorite Feed Metering Pump 7 Control Start/Stop DO

SRC 15 SIXX-1017 Sodium Hypochlorite Feed Metering Pump 7 Speed Feedback 0-100% AI

SRC 15 FALX-1092 Sodium Hypochlorite Low Feed to Filter Backwash Supply Alarm DI

SRC 15 ONST-1018 Sodium Hypochlorite Feed Metering Pump 7 Run DI

SRC 15 HSAS-1018 Sodium Hypochlorite Feed Metering Pump 7 Auto DI

SRC 15 YACX-1018 Sodium Hypochlorite Feed Metering Pump 7 Fail DI

SRC 15 HSSI-1018 Sodium Hypochlorite Feed Metering Pump 7 Speed Mode Remote DI

SRC 15 RUNC-1018 Sodium Hypochlorite Feed Metering Pump 7 Control Start/Stop DO

SRC 15 SIXX-1018 Sodium Hypochlorite Feed Metering Pump 7 Speed Feedback 0-100% AI

SRC 15 SCXX-1018 Sodium Hypochlorite Feed Metering Pump 7 Speed Control 0-100% AO

SRC 15 FALX-1005 Sodium Hypochlorite Low Feed to Preformed Monochloramine System - Train 1 Rapid Alarm DI
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SRC 15 FALX-1007 Sodium Hypochlorite Low Feed to Preformed Monochloramine System - Train 2 Rapid Alarm DI

SRC 15 FALX-1009 Sodium Hypochlorite Low Feed to Biofilter Influent Alarm DI

SRC 15 FALX-1094 Sodium Hypochlorite Low Feed to Chlorine Contact Effluent or Preformed Monochloramine Alarm DI

SRC 81 LAHX-0201
Ammonium Sulfate Containment Sump Level High Alarm DI

SRC 20 FAHX-2013
Ammonium Sulfate Area Safety Shower/Eyewash Alarm DI

SRC 81 WITA-0202 Ammonium Sulfate Tote Weight Scale No. 1 AI

SRC 81 WITB-0202 Ammonium Sulfate Tote Weight Scale No. 2 AI

SRC 81 ONST-0241 Ammonium Sulfate Feed Metering Pump 1 Run DI

SRC 81 HSAS-0241 Ammonium Sulfate Feed Metering Pump 1 Auto DI

SRC 81 YACX-0241 Ammonium Sulfate Feed Metering Pump 1 Fail DI

SRC 81 HSSI-0241 Ammonium Sulfate Feed Metering Pump 1 Speed Mode Remote DI

SRC 81 RUNC-0241 Ammonium Sulfate Feed Metering Pump 1 Control Start/Stop DO

SRC 81 SIXX-0241 Ammonium Sulfate Feed Metering Pump 1 Speed Feedback 0-100% AI

SRC 81 SCXX-0241 Ammonium Sulfate Feed Metering Pump 1 Speed Control 0-100% AO

SRC 81 ONST-0251 Ammonium Sulfate Feed Metering Pump 2 Run DI

SRC 81 HSAS-0251 Ammonium Sulfate Feed Metering Pump 2 Auto DI

SRC 81 YACX-0251 Ammonium Sulfate Feed Metering Pump 2 Fail DI

SRC 81 HSSI-0251 Ammonium Sulfate Feed Metering Pump 2 Speed Mode Remote DI

SRC 81 RUNC-0251 Ammonium Sulfate Feed Metering Pump 2 Control Start/Stop DO

SRC 81 SIXX-0251 Ammonium Sulfate Feed Metering Pump 2 Speed Feedback 0-100% AI

SRC 81 SCXX-0251 Ammonium Sulfate Feed Metering Pump 2 Speed Control 0-100% AO

SRC 81 ONST-0261 Ammonium Sulfate Feed Metering Pump 3 Run DI

SRC 81 HSAS-0261 Ammonium Sulfate Feed Metering Pump 3 Auto DI

SRC 81 YACX-0261 Ammonium Sulfate Feed Metering Pump 3 Fail DI

SRC 81 HSSI-0261 Ammonium Sulfate Feed Metering Pump 3 Speed Mode Remote DI

SRC 81 RUNC-0261 Ammonium Sulfate Feed Metering Pump 3 Control Start/Stop DO

SRC 81 SIXX-0261 Ammonium Sulfate Feed Metering Pump 3 Speed Feedback 0-100% AI

SRC 81 SCXX-0261 Ammonium Sulfate Feed Metering Pump 3 Speed Control 0-100% AO

SRC 81 ONST-0271 Ammonium Sulfate Feed Metering Pump 4 Run DI

SRC 81 HSAS-0271 Ammonium Sulfate Feed Metering Pump 4 Auto DI

SRC 81 YACX-0271 Ammonium Sulfate Feed Metering Pump 4 Fail DI

SRC 81 HSSI-0271 Ammonium Sulfate Feed Metering Pump 4 Speed Mode Remote DI

SRC 81 RUNC-0271 Ammonium Sulfate Feed Metering Pump 4 Control Start/Stop DO

SRC 81 SIXX-0271 Ammonium Sulfate Feed Metering Pump 4 Speed Feedback 0-100% AI

SRC 81 SCXX-0271 Ammonium Sulfate Feed Metering Pump 4 Speed Control 0-100% AO

SRC 81 FALX-0203 Ammonium Sulfate Low Feed to Preformed Monochloramine System - Train 1 Rapid Alarm DI

SRC 81 FALX-0204 Ammonium Sulfate Low Feed to Preformed Monochloramine System - Train 2 Rapid Mix) Alarm DI
SRC 81 FALX-0205 Ammonium Sulfate Low Feed to Preformed Monochloramine System - Chlorine Contact Alarm DI

SRC 81 LAHX-0301 Phosphoric Acid Containment Sump Level High Alarm DI

SRC 20 FAHX-2015 Phosphoric Acid Area Safety Shower/Eyewash Alarm DI

SRC 81 WIXX-0303 Phosphoric Acid Drum Weight AI

SRC 81 ONST-0313 Phosphoric Acid Feed Metering Pump 1 Run DI

SRC 81 HSAS-0313 Phosphoric Acid Feed Metering Pump 1 Auto DI

SRC 81 YACX-0313 Phosphoric Acid Feed Metering Pump 1 Fail DI

SRC 81 HSSI-0313 Phosphoric Acid Feed Metering Pump 1 Speed Mode Remote DI

SRC 81 RUNC-0313 Phosphoric Acid Feed Metering Pump 1 Control Start/Stop DO

SRC 81 SIXX-0313 Phosphoric Acid Feed Metering Pump 1 Speed Feedback 0-100% AI

SRC 81 SCXX-0313 Phosphoric Acid Feed Metering Pump 1 Speed Control 0-100% AO

SRC 81 ONST-0323 Phosphoric Acid Feed Metering Pump 2 Run DI

SRC 81 HSAS-0323 Phosphoric Acid Feed Metering Pump 2 Auto DI

SRC 81 YACX-0323 Phosphoric Acid Feed Metering Pump 2 Fail DI

SRC 81 HSSI-0323 Phosphoric Acid Feed Metering Pump 2 Speed Mode Remote DI

SRC 81 RUNC-0323 Phosphoric Acid Feed Metering Pump 2 Control Start/Stop DO

SRC 81 SIXX-0323 Phosphoric Acid Feed Metering Pump 2 Speed Feedback 0-100% AI

SRC 81 SCXX-0323 Phosphoric Acid Feed Metering Pump 2 Speed Control 0-100% AO

SRC 81 HSAS-0443 Flocculation Aid Polymer Feed System No. 2 Auto DI

SRC 81 FALX-0304 Phosphoric Acid Low Feed to Biofilter Influent Alarm DI

SRC 81 LAHX-0305 Flocculation Aid Polymer Area Containment Sump Level High Alarm DI
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SRC 20 FAHX-2014 Flocculation Aid Polymer Area Safety Shower/Eyewash Alarm DI

SRC 81 WITA-0307 Flocculation Aid Polymer System Drum Weight Scale No. 1 AI

SRC 81 WITB-0307 Flocculation Aid Polymer System Drum Weight Scale No. 2 AI

SRC 81 ONST-0433 Flocculation Aid Polymer Feed System No. 1 Run DI

SRC 81 HSAS-0433 Flocculation Aid Polymer Feed System No. 1 Auto DI

SRC 81 HSSI-0433 Flocculation Aid Polymer Feed System No. 1 Remote DI

SRC 81 YACX-0433 Flocculation Aid Polymer Feed System No. 1 Low Polymer Flow DI

SRC 81 YAAX-0433 Flocculation Aid Polymer Feed System No. 1 Loss of Water DI

SRC 81 RUNC-0433 Flocculation Aid Polymer Feed System No. 1 Start/Stop DO

SRC 81 SCXX-0433 Flocculation Aid Polymer Feed System No. 1 Speed Control 0 - 100% AO

SRC 81 ONST-0443 Flocculation Aid Polymer Feed System No. 2 Run DI

SRC 81 FALX-0402 Flocculation Aid Polymer Feed System Low Flow to Train 2 Rapid Mix and Stage 1-3 Alarm DI

SRC 81 HSSI-0443 Flocculation Aid Polymer Feed System No. 2 Remote DI

SRC 81 YACX-0443 Flocculation Aid Polymer Feed System No. 2 Low Polymer Flow DI

SRC 81 YAAX-0443 Flocculation Aid Polymer Feed System No. 2 Loss of Water DI

SRC 81 RUNC-0443 Flocculation Aid Polymer Feed System No. 2 Start/Stop DO

SRC 81 SCXX-0443 Flocculation Aid Polymer Feed System No. 2 Speed Control 0 - 100% AO

SRC 81 ONST-0453 Flocculation Aid Polymer Feed System No. 3 Run DI

SRC 81 HSAS-0453 Flocculation Aid Polymer Feed System No. 3 Auto DI

SRC 81 HSSI-0453 Flocculation Aid Polymer Feed System No. 3 Remote DI

SRC 81 YACX-0453 Flocculation Aid Polymer Feed System No. 3 Low Polymer Flow DI

SRC 81 YAAX-0453 Flocculation Aid Polymer Feed System No. 3 Loss of Water DI

SRC 81 RUNC-0453 Flocculation Aid Polymer Feed System No. 3 Start/Stop DO

SRC 81 SCXX-0453 Flocculation Aid Polymer Feed System No. 3 Speed Control 0 - 100% AO

SRC 81 FALX-0401 Flocculation Aid Polymer Feed System Low Flow to Train 1 Rapid Mix and Stage 1-3 Alarm DI

SRC 81 LAHX-0403 Preformed Monochloramine  Area Containment Sump Level High Alarm DI

SRC 20 FAHX-2016 Preformed Monochloramine  Area Safety Shower/Eyewash Alarm DI

SRC 81 FALX-0405 Softened Water Low Flow Alarm DI

SRC 81 FITX-0406 Softened Water Flow Rate AI

SRC 81 TAHX-0407 Preformed Monochloramine High Temperature to Train 1 Rapid Mix/Settled Water Alarm DI

SRC 81 TAHX-0409 Preformed Monochloramine High Temperature to Train 2 Rapid Mix Alarm DI

SRC 81 TAHX-0451 Preformed Monochloramine High Temperature to Chlorine Contact Influent Alarm DI

SRC 81 LAHX-0501 Future Chemical Containment Sump Level High Alarm DI

SRC 20 FAHX-2017 Future Chemical Area Safety Shower/Eyewash Alarm DI

SRC 81 WIXX-0503 Future Chemical Tote Weight AI Was Calcium Chloride

SRC 81 ONST-0563 Future Chemical Feed Metering Pump 1 Run DI Was Calcium Chloride

SRC 81 HSAS-0563 Future Chemical Feed Metering Pump 1 Auto DI Was Calcium Chloride

SRC 81 YACX-0563 Future Chemical Feed Metering Pump 1 Fail DI Was Calcium Chloride

SRC 81 HSSI-0563 Future Chemical Feed Metering Pump 1 Speed Mode Remote DI Was Calcium Chloride

SRC 81 RUNC-0563 Future Chemical Feed Metering Pump 1 Control Start/Stop DO Was Calcium Chloride

SRC 81 SIXX-0563 Future Chemical Feed Metering Pump 1 Speed Feedback 0-100% AI Was Calcium Chloride

SRC 81 SCXX-0563 Future Chemical Feed Metering Pump 1 Speed Control 0-100% AO Was Calcium Chloride

SRC 81 ONST-0573 Future Chemical Feed Metering Pump 2 Run DI Was Calcium Chloride

SRC 81 HSAS-0573 Future Chemical Feed Metering Pump 2 Auto DI Was Calcium Chloride

SRC 81 YACX-0573 Future Chemical Feed Metering Pump 2 Fail DI Was Calcium Chloride

SRC 81 HSSI-0573 Future Chemical Feed Metering Pump 2 Speed Mode Remote DI Was Calcium Chloride

SRC 81 RUNC-0573 Future Chemical Feed Metering Pump 2 Control Start/Stop DO Was Calcium Chloride

SRC 81 SIXX-0573 Future Chemical Feed Metering Pump 2 Speed Feedback 0-100% AI Was Calcium Chloride

SRC 81 SCXX-0573 Future Chemical Feed Metering Pump 2 Speed Control 0-100% AO Was Calcium Chloride

SRC 81 HSAS-1021 Future Chemical Feed Metering Pump 2 Auto DI Was Calcium Chloride

SRC 81 FALX-0504 Future Chemical Low Flow to Chlorine Contact Effluent DI Was Calcium Chloride

SRC 81 LAHX-1001 Sodium Bisulfite Containment Sump Level High Alarm DI

SRC 20 FAHX-2018 Sodium Bisulfite Area Safety Shower/Eyewash Alarm DI

SRC 81 WITA-1003 Sodium Bisulfite Tote Weigh Scale No. 1 AI

SRC 81 WITB-1003 Sodium Bisulfite Tote Weigh Scale No. 2 AI

SRC 81 AAAH-1001 Sulfur Dioxide Gas Monitoring Alarm DI

SRC 81 ONST-1011 Sodium Bisulfite Feed Metering Pump 1 Run DI

SRC 81 HSAS-1011 Sodium Bisulfite Feed Metering Pump 1 Auto DI
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SRC 81 YACX-1011 Sodium Bisulfite Feed Metering Pump 1 Fail DI

SRC 81 HSSI-1011 Sodium Bisulfite Feed Metering Pump 1 Speed Mode Remote DI

SRC 81 RUNC-1011 Sodium Bisulfite Feed Metering Pump 1 Control Start/Stop DO

SRC 81 SIXX-1011 Sodium Bisulfite Feed Metering Pump 1 Speed Feedback 0-100% AI

SRC 81 SCXX-1011 Sodium Bisulfite Feed Metering Pump 1 Speed Control 0-100% AO

SRC 81 ONST-1021 Sodium Bisulfite Feed Metering Pump 2 Run DI

SRC 81 HSAS-1021 Sodium Bisulfite Feed Metering Pump 2 Auto DI

SRC 81 YACX-1021 Sodium Bisulfite Feed Metering Pump 2 Fail DI

SRC 81 HSSI-1021 Sodium Bisulfite Feed Metering Pump 2 Speed Mode Remote DI

SRC 81 RUNC-1021 Sodium Bisulfite Feed Metering Pump 2 Control Start/Stop DO

SRC 81 SIXX-1021 Sodium Bisulfite Feed Metering Pump 2 Speed Feedback 0-100% AI

SRC 81 SCXX-1021 Sodium Bisulfite Feed Metering Pump 2 Speed Control 0-100% AO

SRC 81 FALX-1021 Sodium Bisulfite Low Flow to Chlorine Contact Effluent DI

SRC 81 WITA-501 Filter Aid Polymer System Drum Weight Scale No. 1 AI

SRC 81 WITB-501 Filter Aid Polymer System Drum Weight Scale No. 2 AI

SRC 81 ONST-0502 Filter Aid Polymer Feed System No. 1 Run DI

SRC 81 HSAS-0502 Filter Aid Polymer Feed System No. 1 Auto DI

SRC 81 HSSI-0502 Filter Aid Polymer Feed System No. 1 Remote DI

SRC 81 YACX-0502 Filter Aid Polymer Feed System No. 1 Low Polymer Flow DI

SRC 81 YAAX-0502

Filter Aid Polymer Feed System No. 1 Loss of Water 

Alarm

DI

SRC 81 RUNC-0502 Filter Aid Polymer Feed System No. 1 Start/Stop DO

SRC 81 SCXX-0502 Filter Aid Polymer Feed System No. 1 Speed Control 0 - 100% AO

SRC 81 ONST-0503 Filter Aid Polymer Feed System No. 2 Run DI

SRC 81 HSAS-0503 Filter Aid Polymer Feed System No. 2 Auto DI

SRC 81 HSSI-0503 Filter Aid Polymer Feed System No. 2 Remote DI

SRC 81 YACX-0503 Filter Aid Polymer Feed System No. 2 Low Polymer Flow DI

SRC 81 YAAX-0503

Filter Aid Polymer Feed System No. 2 Loss of Water 

Alarm

DI

SRC 81 RUNC-0503 Filter Aid Polymer Feed System No. 2 Start/Stop DO

SRC 81 SCXX-0503 Filter Aid Polymer Feed System No. 2 Speed Control 0 - 100% AO

SRC 81 FALX-0500

Flocculation Aid Polymer Feed System Low Flow to Train 1 Rapid Mix and Stage 1-3 

Flocculation Alarm

DI

SRC YACX1010 General Alarm from HAVC CP-1 Alarm DI

SRC YACX1020 General Alarm from HVAC CP-2 Alarm DI

SRC YACX1030 General Alarm from HVAC CP-3 Alarm DI

SRC YACX1040 General Alarm from HVAC CP-4 Alarm DI

DO - Discrete Output

AI - Analog Input

AO - Analog Output

NDI - PLC Network - Discrete Data Input

NDO - PLC Network - Discrete Data Output

NAI - PLC Network - Analog Data Input

NAO - PLC Network - Analog Data Output
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SECTION 17950 
 

FUNCTIONAL CONTROL DESCRIPTIONS 
 
 
 
PART 1 -- GENERAL 
 
1.01 THE REQUIREMENT 
 

A. The Design/Builder shall, test, install and place in satisfactory operation all 
equipment as herein specified and as shown on the Drawings.  THE 
Design/Builder SHALL BE RESPONSIBLE FOR FURNISHING COMPLETE 
FUNCTIONING SYSTEMS AS DESCRIBED HEREIN. 

 
B. Together with the Owner provided control system input/output schedule, the 

equipment specifications (including functional descriptions for local equipment 
control panels), and the Drawings, the functional control descriptions describe 
the required operation, monitoring, and control of the facilities included in this 
Contract.  

 
C. THE FUNCTIONAL DESCRIPTIONS CONTAIN REQUIREMENTS FOR 

FURNISHING AND INSTALLING LABOR AND MATERIALS THAT MAY NOT 
APPEAR ELSEWHERE IN THE CONTRACT DOCUMENTS. 

 
D. All equipment and services required in equipment local control panels provided 

to implement the monitoring and control functions described herein or in the 
process Owner provided input/output schedules shall be provided by the 
Design/Builder through individual equipment suppliers. 

 
E. Unless specifically stated otherwise, all interconnected wiring between all 

instruments, panels, controls, and other devices listed in the functional 
descriptions as required to provide all functions specified herein shall be 
furnished by the Electrical Contractor under Division 16.  The Electrical 
Contractor shall provide all cable and conduit required to carry all signals listed 
in the process input/output schedules.  Special cables that are required for 
interconnection between sensors or probes and transmitters or signal 
conditioners shall be furnished with the instrumentation devices by the 
equipment supplier. 

 
1.02 RELATED WORK SPECIFIED ELSEWHERE 
 

A. Section 17910 – Instrument Schedule 
 

B. Section 17920 – Control System Input/Output Schedule 
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PART 2 -- FUNCTIONAL CONTROL DESCRIPTIONS, GENERAL 
 
2.01 DEFINITIONS  
 

A. RUNNING status signals shall be from auxiliary contacts provided with the 
motor control equipment (i.e., starter, VFD, SCR, etc.). 

 
B. AUTO status signals shall be defined as HAND-OFF-AUTO switch in the AUTO 

position or process control system in AUTO (versus MANUAL). 
 
C. FAIL status signals shall be defined as motor overload and/or any other shut 

down mode such as overtorque, overtemperature, low oil pressure, high 
vibration, etc. 

 
D. READY status signal shall be defined as all conditions, including equipment 

control power, satisfied to permit remote control of the equipment. 
 
2.02 CONVENTIONS 
 

A. Operator workstation graphic display symbols and indicator lights on all MCC's, 
control panels, starter enclosures, valve actuators, etc. shall conform to the 
following color convention: 

 
Condition Color 
 
Running/On/Open Red 
Auto/Ready White 
Stopped/Off/Closed Green 
Fail/Alarm Amber/Yellow 
Generic Status Blue or White 

 
2.03 PROCESS CONTROL 
 

A. Owner shall provide configuration services to the Owner provided DCS system.  
The DCS system shall include the Emerson DCS hardware, Emerson DCS 
software, all network switches, all routers, all operator workstations and 
operator workstation software.  Owner shall coordinate with the Design/Builder 
for the field testing and operational testing of the control system with field 
instrumentation and vendor provided systems.   

 
2.04 LOSS OF POWER  
 

A. Upon Loss of Power the DCS shall shutdown any running piece of equipment 
or close any opened valve.  No equipment shall restart automatically upon 
return of electrical power. 
 

B. Motor operated valves that are required to fail open or closed are listed in 
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Section 15390 and as shown on the P&IDs.  Upon loss of power all other 
motorized valves shall fail in the last position.   

 
2.05 ALARMS – GENERAL 
 

A. All analog inputs shall have operator-adjustable alarms.  Initial values for 
alarm setpoints shall be given when available.  Alarm setpoints shall be 
finalized during start up. 
 

B. Alarms and control actions derived from analog input signals shall use 
adjustable time delays and deadbands.  Alarms and control actions derived 
from discrete input signals, use adjustable time delays.  All time delays and 
deadbands shall be in accordance with HRSD standards. 

 
2.06 LOCAL CONTROLS  
 

A. Each VFD shall be furnished with an H-O-A selector switch that is mounted 
on the VFD.  All VFDs are located in the Demonstration Facility electrical 
room.  When the H-O-A selector switch is in the HAND position the VFD may 
started/stopped and the speed controlled from the keypad on the VFD.  When 
the H-O-A selector switch is in the AUTO position the VFD shall be 
started/stopped and the speed controlled from the DCS.  Motors with locally 
mounted E-Stops shall be as shown on the electrical drawings.   An activated 
E-Stop shall not be displayed on the operator workstation.   
 

B. Each motor operated valve shall be furnished with an H-O-A selector switch 
located on the valve actuator.  When the H-O-A selector switch is in the 
HAND position the valve may be opened/closed or modulated from the 
controls on the actuator.  When the H-O-A selector switch is in the AUTO 
position, the valve may be opened/closed or modulated from the DCS.  

 
C. Each metering pump shall be furnished with an H-O-A selector switch located 

on the integral metering pump control panel.  When the H-O-A selector switch 
is in the HAND position the metering pump may be started/stopped or the 
output speed set from the controls on the metering pump.  When the H-O-A 
selector switch is in the AUTO position, the metering pump may be 
started/stopped or the output speed revised from the DCS.  

 
2.07 DCS AUTOMATIC AND DCS MANUAL MODES OF OPERATION  
 

A. The DCS shall have two (2) modes of operation for all motors (constant 
speed and variable speed) as well as all open/close and modulating valves.   
 
1. DCS AUTOMATIC MODE shall be the default (normal) mode of 

operation.  In this mode the DCS shall calculate the speed output for 
variable speed drive motors, start or stop constant speed motors, 
modulate valve positions and open/close valves based on the process 
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variables and set points entered at the operator workstation. 
 

2. DCS MANUAL MODE shall be utilized when it is necessary to have 
operations manually enter speed outputs for variable speed drives, 
manually start or stop constant speed motors, manually enter the position 
outputs for modulating valves and open/close valves from the operator 
workstations.  

 
3. In both DCS modes of operation, alarms and interlocks shall be utilized for 

the protection of personnel and equipment.  No alarm or interlock shall be 
disabled when any piece of equipment is in DCS MANUAL mode. 

 
2.08 PUMP ROTATION  
 

1. Pumps designated to be duty/standby or lead/lag as described in the 
appropriate section below.  For each set of pumps automatic pump 
rotation shall be enabled or disabled from the operator workstation.  In 
order for automatic pump rotation to occur, the HOA selector switch on 
each VFD is required to be in AUTO position.  Any VFD HOA switch in the 
HAND or OFF position shall be considered off line and not included in the 
rotation sequence.  The DCS shall automatically rotate the sequencing 
order of the pumps (duty/standby or lead/lag) based on an operator 
entered rotation time (number of hours).   
 

2. Automatic pump rotation and the operator selection of the duty/standby or 
lead/lag pump shall be programmed in accordance with HRSD standards.  
This shall include bump-less transfer of controls from duty to standby or 
lead-lag for a seamless transition as well as standby pump take over due 
to duty pump failure.  Pump failure shall include fail to start, VFD fault or 
pump general fail.  

 
2.09 OPERATOR WORKSTATION GRAPHICAL DISPLAYS  
 

1. Operator workstation displays shall be created in accordance with HRSD’s 
DCS-SCADA graphics standards.  

 
2. Default information for each piece of equipment (pump, metering pump, 

VFD, motor, motorized valve, etc.) to be displayed (when available) shall 
be as follows: 

 
a. For VFDs and metering pumps: 

i. HAND / DCS (HOA) 
ii. AUTO / MANUAL 
iii. RUN STATUS  
iv. FAILED STATUS 
v. SPEED DEMAND 
vi. SPEED FEEDBACK 
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vii. Start/Stop icon 
viii. Total run time 
ix. Maintenance runtime 

 
b. For constant speed motors: 

i. HAND / DCS (HOA) 
ii. AUTO / MANUAL 
iii. RUN STATUS  
iv. FAILED STATUS 
v. Start/Stop icon 

 
c. For modulating motor operated valves: 

i. HAND / DCS (HOA) 
ii. AUTO / MANUAL  
iii. POSITION  
iv. POSITION FEEDBACK 

 
d. For open/close motor operated valves: 

i. HAND / DCS (HOA) 
ii. AUTO / MANUAL  
iii. OPEN POSITION FEEDBACK 
iv. CLOSED POSITION FEEDBACK 
v. OPEN VALVE COMMAND 
vi. CLOSE VALVE COMMAND 

 
e. For each analyzer (analog): 

i. Value  
ii. Alarms 

1. High-high, high, low, low-low as defined by 
individual sections 

2. Alarm delay 
iii. Totalizer (flow) 

1. Current value 
2. Total 
3. Current day total 
4. Previous day total 

 
f. A digital alarm shall be displayed for the following (alarm delay 

timer shall be included for each digital alarm): 
i. Sumps floats 
ii. High and low pressure switches 
iii. Flow switches (eyewash/shower or carrier water) 
iv. Temperature switches 

  
2.10 OVERALL FLOW BALANCE SUMMARY 

 
1. This section provides an overview of the flow balance for the facility. The 
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individual descriptions cover the information provided here in greater 
detail. 
 

2. Flow through the facility is set based on two operator entered setpoints: 
the settled water flow setpoint and the finished water flow setpoint.  

 
a. The settled water flow setpoint controls the flow balance 

between the influent pump station and the GAC feed pump 
station wet well. The total influent flow setpoint, individual 
floc/sed train flow setpoints, and flow setpoints to each BAF are 
calculated values that are all derived from the settled water flow 
setpoint. The design settled water flowrate is 850 gpm. 
 

b. The finished water flow setpoint is measured by the GAC 
influent flowmeters (FE/FIT-0220 and 0230). This flow setpoint 
controls the flow through the GAC, UV Disinfection, and Aquifer 
Recharge.  
 

3. The GAC Pump Station provides forward flow equalization and 
backwash supply storage. Under steady state operating conditions, the 
GAC Pump Station will receive 850 gpm from the floc/sed/ozone/BAF 
processes, and will pump 700 gpm to the downstream GAC, UV and 
aquifer recharge processes. When the GAC Pump Station is not full, it 
will fill at a rate of 150 gpm. After the GAC Pump Station level setpoint is 
satisfied, the GAC Feed Bypass to Drain Valve (MOV-0130) will open to 
maintain the level of the GAC Pump Station at the setpoint. The GAC 
feed pumps are designed to compensate for the bypass flow to maintain 
the design finished water flow of 700 gpm. 

 
PART 3 -- FUNCTIONAL CONTROL DESCRIPTIONS 
 

PART 3 – TABLE OF CONTENTS 

3.01 INFLUENT PUMPING 

3.02 RAPID MIX AND FLOCCULATOR MIXERS 

3.03 SEDIMENTATION 

3.04 LIQUID OXYGEN SYSTEM 

3.05 OZONE SYSTEM 

3.06 BIOLOGICALLY ACTIVE FILTER 

3.07 GAC FEED PUMP SYSTEM 

3.08 BACKWASH PUMP SYSTEM 

3.09 GRANULAR ACTIVATED CARBON CONTACTORS 

3.10 UV DISINFECTION 

3.11 RECHARGE WELL AND BACKFLUSH PUMP 
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3.12 CHEMICAL STORAGE AND FEED - GENERAL 

3.13 ALUMINUM CHLOROHYDRATE SYSTEM 

3.14 SODIUM HYDROXIDE SYSTEM 

3.15 SODIUM HYPOCHLORITE SYSTEM 

3.16 LIQUID AMMONIUM SULFATE SYSTEM 

3.17 PHOSPHORIC ACID SYSTEM 

3.18 SODIUM BISULFITE SYSTEM 

3.19 CALCIUM CHLORIDE SYSTEM 

3.20 FLOCCULATION AID POLYMER SYSTEM 

3.21 FILTER AID POLYMER SYSTEM 

3.22 PREFORMED MONOCHLORAMINE SYSTEM 

3.23 DRAIN PUMP SYSTEM 

3.24 CRITICAL CONTROL POINTS 

3.25 ALARM LIST 

 
  
3.01 INFLUENT PUMPING 
 
REFERENCE P&ID: Sustainable Water Phase 3: Demonstration Facility, I-100 and I-
200 
 
A. PROCESS OVERVIEW 

 
The Demonstration Facility influent water supply is the combined effluent from 
the Nansemond secondary clarifiers. The tie-in location is the buried box culvert 
just upstream of the chlorine contact tanks. A pipeline runs from the tie-in 
location to the influent pumps. The system includes a duty and a standby vertical 
turbine can pump. The influent pumps convey secondary effluent to the influent 
of the integrated rapid mix, flocculation, and sedimentation system. 
 

B. EQUIPMENT 
 

The following pumping system equipment is controlled or monitored by the DCS: 
  

 Influent pumps – vertical turbine pumps (IP-0101 and IP-0102) with VFDs 
(2 total) 

 Pump discharge high pressure switch (PAHX-0110) 

 Pump discharge pressure transmitter (PITX-0110) 

 Pump suction valves (ZSOP/ZSCL-0101 and ZSOP/ZSCL-0102) shall 
have an open and closed limit switches. 

 Flocculation/Sedimentation influent flow meter (FITX-0101, FITX-0121) 
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 Flocculation/Sedimentation influent modulating flow control valve (MOV-
0101, MOV-0121) 

 Influent pumps discharge analytical values: 

 NH3 (AITX-0112A) 

 NO2 (AITX-0112B) 

 NO3 (AITX-0112C) 

 Conductivity (AITX-0118) 

 UV254 (AITX-0111) 

 Turbidity (AITX-0115) 

 pH (AITX-0116) 

 Temperature (TITX-0116) 
 

C. OPERATION 
 

1. Automatic Operation – DCS AUTO  
 
The DCS shall control the speed of the duty pump based on the following: 
 

 Operator entered Total Settled Water Flow Setpoint (0 – 850 gpm, 
set initially at 850 gpm) 

 The DCS shall calculate the corresponding total floc/sed influent 
flow rate setpoint as follows: 

 
o Total Influent Flow Setpoint = Total Settled Water Flow 

Setpoint + Train 1 Settled Solids Flow [FIT-0105] + Train 2 
Settled Solids Flow [FIT-0125] 

 

 The DCS shall control the speed of the duty pump using PID loop 
control based on maintaining the combined floc/sed influent flow 
[FIT-0101 + FIT-0121] equal to the Total Influent Flow Setpoint. 

 
  The DCS shall control the duty floc/sed influent flow control valves (MOV-

0101 or MOV-0121) based on the following: 
  

 Operator entered flow split per floc/sed system, entered as a 
percentage (%) between 0% and 100%. 
 

 The influent flow setpoint for each train shall be calculated by the 
DCS as follows: 

 
o Influent flow Setpoint for Floc/Sed 1 = (% Flow to Floc/Sed 

1 × Settled Water Flow Setpoint) + Train 1 settled solids to 
drain flow [FIT-0105] 
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o Influent flow Setpoint for Floc/Sed 2 = (% Flow to Floc/Sed 
2 × Settled Water Flow Setpoint) + Train 2 settled solids to 
drain flow [FIT-0125] 

 

 The DCS shall control the position of MOV-0101 and MOV-0121 
to maintain their respective flow setpoint using a most open valve 
flow control strategy. 

   
3. Influent Pumps shall be operated in a Duty/Standby mode of operation. 

 
 
D. INTERLOCKS  

 
1. Hardwired Interlocks – hardwired interlocks shall be as shown on the 

Elementary Control Schematics. 
 

2. Software Interlocks 
 
a. A running influent pump shall shut down upon the totalized influent 

flow rate of both trains (FIT-0101 and FIT-0121) equaling less than 
20% of the setpoint (operator adjustable between 0% and 50%).  
 

b. A running influent pump shall shut down upon its corresponding 
closed discharge valve limit switch being activated.  

 
c. A running influent pump shall be shut down upon the GAC Feed 

Pump Station reaching an operator entered high-high level condition 
set initially at EL 13.50.  GAC level is measured by 79-LITX-0101. 

 
d. A running influent pump shall be shut down upon the Drain Pump 

Station reaching an operator entered high-high level condition set 
initially at EL 13.00 ft.  Drain Pump Station level is measured by 26-
LITX-1210. 

 
e. A running influent pump shall shut down if the final effluent flow from 

the Nansemond Plant is below an operator entered value (between 0 
and 15 mgd, set initially at 1 mgd). 

 
E. ADDITIONAL GRAPHICAL DISPLAY (HMI) INFORMATION 

1. Total Inorganic Nitrogen: TIN (mg/L) = NH3 (mg/L) + NO2 (mg/L) + 
NO3 (mg/L) 

 
3.02 RAPID MIX AND FLOCCULATION MIXERS 

 
REFERENCE P&ID:  Sustainable Water Phase 3: Demonstration Facility, I-200 
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A. PROCESS OVERVIEW 
 

The water treatment process includes two integrated rapid mix, flocculation, and 
sedimentation trains. Each process train is designed to treat 50% of the process 
flow. 
 
Rapid mixing provides thorough dispersion of the coagulation chemicals into the 
process water while flocculation provides tapered mixing action to facilitate the 
development of floc particles in the water column for subsequent removal by 
sedimentation and filtration. The mixing intensity for both rapid mix and 
flocculation mixers is adjustable to allow the operator to optimize the flocculation 
process. 
 

B. EQUIPMENT 
 

The following mixing equipment is controlled or monitored on the DCS: 
 

 2 Rapid Mix Mixers per train (4 total, MX-0102, MX-0104, MX-0122 and 
MX-0124) 

 3 Flocculation Mixers per train (6 total, MX-105, MX-016, MX-107, MX-
125, MX-126 and MX-127) 

 1 Flocculation pH analyzer per train (2 total, 76-AITX-0114 and 76-AITX-
0134) 

 
C. OPERATION 
 

1. Automatic Operation – DCS AUTO  
 

The DCS shall calculate the mixer rotational speed for each rapid mix and 
flocculation basin according to a user-selected velocity gradient, in s-1 
using the following equation: 

603
5

2











ip DN

GV
n  

 
Where: 
 
n (rpm) = mixer rotational speed* 
µ (lbf-s/ft2) = dynamic viscosity of water (2.050 × 10-5 lbf-sec/ft2 @ 70°F) 
V (ft3) = volume of rapid mix or floc basin 
G (s-1) = User selected velocity gradient (see table below for ranges) 
Np = Impeller power number (see table below for values) 
Di (ft) = Impeller diameter (see table below for values) 
ρ (lbm/ft3) = Density of water (62.3 lbm/ft3 @ 70°F) 
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*acceptable range for rapid mix rotational speed is 0 – 350 rpm, 
acceptable range for flocculator rotational speed is 0 – 60 rpm. 
 
The operator shall enter individual velocity gradients for each basin (i.e., 5 
total – one for each rapid mix basin and one for each flocculation basin). 
 
The program shall calculate Hydraulic Retention Time “t” for each rapid 
mix and flocculation basin using the following equation: 
 
 t = Basin Volume / Flow Rate 
 
Where: 
 
t (seconds) = hydraulic retention time 
Basin Volume (ft3) = volume of rapid mix or flocculation basin 
Flow Rate (ft3/s) = flow rate (76-FITX-0101 and 76-FITX-0121) through 
floc/sed train (cubic feet per second = gallons per minute / 449) 
 
The program shall calculate Gt for each rapid mix and flocculation basin 
using the following equation: 
 
Gt = G × t 
 
Where: 
G (s-1) = user selected velocity gradient 
t (s) = hydraulic retention time 

 
 

Parameter Rapid Mix 
1 

Rapid Mix 
2 

Floc Zone 
1 

Floc Zone 
2 

Floc Zone 
3 

Range for G (s-1) 0 – 1000 0 – 1000 0 - 80 0 - 80 0 - 80 

Basin Volume – V 
(ft3) 

28 28 860 860 860 

Np * * * * * 

Di (ft) * * * * * 

 
* Impeller diameter (Di) and power number (NP) to be confirmed during shop drawing 
review of rapid mix and flocculation equipment. 

  
D. INTERLOCKS  
 

1. Hardwired Interlocks – hardwired interlocks shall be as shown on the 
Elementary Control Schematics. 

 
2. Software Interlocks – N/A 
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E. ALARMS AND CONTROLS 
 

2. The DCS shall alarm if a single rapid mixer or a flocculator mixer has a 
GENERAL FAIL or VFD FAULT condition 
 

3. The DCS shall stop the influent pump if a both rapid mixers on a single 
train have a GENERAL FAIL or VFD FAULT condition. 

 
F. ADDITIONAL GRAPHICAL DISPLAY (HMI) 

 
Mixer information as follows: 

 

 Velocity Gradient (s-1) 

 Gt 

 t (s) 

 Mixer Speed (RPM) 
 
3.03 SEDIMENTATION 

 

REFERENCE P&ID:  Sustainable Water Phase 3: Demonstration Facility, I-200 

A. PROCESS OVERVIEW 

 
The process includes two integrated rapid mix, flocculation, and sedimentation 
trains. Each process train is designed to treat 50% of the process flow. The 
settled solids handling system is designed to remove solids from the bottom of 
the settling basin and send to the Drain Pump Station and/or recirculate back to 
flocculation zone 1. 
 
The sedimentation basin uses inclined plate settlers and quiescent conditions to 
allow the floc formed during the flocculation process to sink to the bottom of the 
basin while the clarified water overflows the effluent weir at the top of the inclined 
plate settlers. The settled solids are removed from the bottom of the settling tank 
using a ported header that travels along the length of the tank and removes 
settled solids from the entire width of the tank. Removal of solids is by hydraulic 
suction as the header moves along the bottom of the tank. 
 
The settled solids pumps send the underflow from the travelling suction header 
where it can be directed to the Drain Pump Station or to flocculation zone 1. 
Recirculation of settled solids is designed for constant operation. The pumping of 
solids to the Drain Pump Station is designed for intermittent or constant 
operation. 
 

B. EQUIPMENT - See P&ID for instrument tagging information 
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The following Settled Solids Handling equipment is controlled or monitored on 
the DCS: 

 

 1 settled solids removal header drive per train (2 total) 

 1 settled solids pump per train and 1 swing settled solids pump (3 total)  

 1 settled solids to drain valve per train (2 total) 

 1 settled solids recirculation flow meter per train (2 total) 

 1 settled solids to drain flow meter per train (2 total) 

 1 low pressure switch on the suction side of each settled solids pump (3 
total) 

 1 high pressure switch on the discharge side of each settled solids pump 
(3 total) 

 1 pH analyzer in flocculation basin (2 total) 

 1 settled water process isolation valve per train (2 total) 

 1 off spec water to drain isolation valve per train (2 total) 

 1 settled water turbidimeter analyzer per train (2 total) 

 1 settled water pH analyzer per train (2 total) 

 1 settled water UV254 analyzer (settled water common effluent) 

 1 settled water monochloramine (NHCL) analyzer (settled water common 
effluent) 

 1 settled water total chlorine analyzer (settled water common effluent) 

 1 settled water ORP analyzer (settled water common effluent) 
 

C. OPERATION 

 

1. General 

 
There shall be four (4) modes of operation of the settled solids pumps: 

 
a. Mode 1: Settled Solids to Drain Pump Station – Intermittent 

Operation 

b. Mode 2: Settled Solids to Drain Pump Station – Continuous 

Operation 

c. Mode 3: Continuous Recirculation of Settled Solids with Intermittent 

Flow to Drain Pump Station 

d. Mode 4: Continuous Recirculation of Settled Solids with Continuous 

Flow to Drain Pump Station 

 
The operator shall select which mode of operation from the operator work 
station (OWS) for each train (i.e. train 1 and 2 can operate in different 
modes) and assign a settled solids pump for each train. Train 1 can use 
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SSP-0112 or the SSP-0152 (swing pump). Train 2 can use settled solids 
pump 2 or the swing pump. 
 
Operations shall be required to open or close the appropriate manual 
valves to achieve the correct flow path based on the mode selection.  
 
The DCS shall calculate the Surface Overflow Rate (SOR) and display the 
value at the DCS Operator Workstation using the following equation: 
 
SOR = Settled Water Flow / (Plates Total Projected Area × Plate 
Efficiency) 
 

Where: 

 

Settled Water Flow (gpm) = Floc Sed Influent Flow (76-FITX-0101, 76-

FITX-121) – Floc Sed Settled Solids to Drain PS Flow (76-FITX-0105, 76-

FITX-0125) 

Plates Total Projected Area (square feet) = 2,125 

Plate Efficiency = 0.80  

2. Mode 1 - Settled Solids to Drain PS only - Intermittent operation  

1. Sludge collector and settled solids pump to run periodically, started 

based on operator entered interval (minutes) and duration (minutes). 

2. Manual pinch valve downstream of magnetic flow meter to be set to 

fully open position. 

3. Manual floc basin recirculation valve (upstream of magmeter) to be in 

closed position. 

4. Settled solids flow rate to drain pump station entered at OWS. 

5. Upon the start of the sludge collector the settled solids to drain pump 

station valve opens. 

6. Upon the start of the sludge collector the settled solids pump shall 

start.  

7. Settled solids pump speed shall be adjusted by the DCS using PID 

loop control to meet the operator entered flow rate setpoint of the 

settled solids flow to the drain pump station. 

 

3. Mode 2 - Settled Solids to Drain PS only - Continuous operation:  

 

1. Sludge collector is to run continuously. 

2. Manual pinch valve downstream of magnetic flow meter to be set to 

fully open position.    
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3. Manual floc basin recirculation valve (upstream of magmeter) to be in 

closed position. 

4. Settled solids flow rate to drain pump station entered at OWS 

5. Upon the start of the sludge collector the settled solids to drain pump 

station valve opens. 

6. Upon the start of the sludge collector the settled solids pump shall 

start.  

7. Settled solids pump speed shall be adjusted by the DCS using PID 

loop control to meet the operator entered flow rate setpoint of the 

settled solids flow to the drain pump station. 

 

4. Mode 3 - Continuous recirculation of settled solids to flocculation basin 

with intermittent flow to drain pump station:  

 

1. Sludge collector is set to run continuously. 

2. Settled solids pump to recirculate solids to flocculator basin 

continuously to meet operator adjustable setpoint using PID loop 

control. 

a. The operator shall input a recycle rate based on the percentage 

of floc/sed influent flow for that train. The DCS shall calculate 

the corresponding flow rate to be used for the recycle flow rate 

setpoint based on the following: 

 

Recycle Flow Setpoint (gpm) = % Recycle × Train influent flow 

 

Where: 

 

% Recycle = Operator entered recycle % setpoint 

Train influent flow (gpm) = Influent flow for Train 1 (FIT-0101) or 

Train 2 (FIT-0121) 

 

3. Solids to be sent to drain pump station based on an interval and 

totalized flow through per event. e.g. 500 gallons every 30 minutes. 

4. Manual floc basin recirculation valve (upstream of magmeter) to be in 

open position. 

5. Flow rate of settled solids to the drain pump station shall be controlled 

manually by adjusting the pinch valve downstream of the magnetic 

flowmeter.   

6. Recirculation settled solids flow rate setpoint to be entered at OWS. 

7. Upon the start of the sludge collector, the settled solids pump shall 

start.  Settled solids pump speed shall be adjusted to meet the Recycle 

Flow Setpoint to flocculation basin 1. 
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8. Upon reaching the time interval, the settled solids to drain pump station 

valve shall open.   This will cause the flow rate of the recirculated 

settled solids to drop, thus causing the settled solids pump to increase 

speed.  The settled solids pump will be required to have a max speed 

clamp (operator adjustable) in place to allow the flow split to occur.   

9. Upon the total volume of settled solids sent to the drain pump station 

being met, the settled solids to drain pump station valve shall close.   

10. The VFD speed clamp shall be removed from the settled solids pump 

allowing the pump speed to be determined by the recirculating settled 

solids flow set point.  The clamp shall remain removed until the next 

timed opening of the settled solids to drain pump station valve is called 

to open. 

 

5. Mode 4 - Continuous recirculation of settled solids to flocculation basin 

with continuous flow to drain pump station:  

 

1. Sludge collector is set to run continuously. 

2. Settled solids pump to recirculate solids to flocculator basin 

continuously to meet operator adjustable setpoint using PID loop 

control. 

a. The operator shall input a recycle rate based on the percentage 

of the floc/sed influent flow at that train. The DCS shall calculate 

the corresponding flow rate to be used for the recycle flow rate 

setpoint. 

3. Solids to be sent to drain pump station continuously. 

4. Manual floc basin recirculation valve (upstream of magmeter) to be in 

open position. 

5. Flow rate of settled solids to the drain pump station shall be controlled 

manually by adjusting the pinch valve downstream of the magnetic 

flowmeter.   

6. Recirculation settled solids flow rate to be entered at OWS. 

7. Upon the start of the sludge collector, the settled solids pump shall 

start.  Settled solids pump speed shall be adjusted to meet the 

recirculation flow rate to the flocculation basin. 

8. Upon the start of the settled solids pump, the sedimentation to drain 

pump station valve shall open. 

 
6. The operator workstation shall allow the operator to close the Settled Water 

Valve (MOV-0109/0129) and open the Off Spec Water Valve (MOV-
0110/0130) simultaneously, with a single command.  
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7. The workstation shall allow for the operator to open the Settled Water Valve 
(MOV-0109/0129) and close the Off Spec Water Valve (MOV-0110/0130) 
with a single command. 

 

D. INTERLOCKS 

 
1. Hardwired Interlocks – hardwired interlocks shall be as shown on the 

Elementary Control Schematics. 

2. Software Interlocks 

i. The settled solids pump shall shut down if the solids removal 

header drive fails 

E. ADDITIONAL GRAPHICAL DISPLAYS 

 

 Settled Solids Pump Assignment 

 Surface Overflow Rate (gallons per minute/square feet) 

 
3.04 LIQUID OXYGEN SYSTEM 
 

REFERENCE P&ID:  Sustainable Water Phase 3: Demonstration Facility, I-201 
 
A. PROCESS OVERVIEW 

 
The major equipment for the Liquid Oxygen (LOX) system includes: 
 

 One vertical LOX tank with level and pressure transmitters 

 Two ambient vaporizers 

 One Local Control Panel (LCP) 

 One motor operated valve 

 Gaseous oxygen (GOX) temperature and pressure transmitters 

 
LOX is drawn from the LOX tank and is passed through an ambient vaporizer to 
produce GOX. The vaporizers are duty/standby and switch based on a timing 
system located in the vendor provided LCP. The GOX passes through pressure 
reducing valves to bring the pressure to an acceptable range required by the 
Ozone System manufacturer.  All analog and discrete signals shall be connected 
to the DCS through the LCP.   
 

B. EQUIPMENT 

The following LOX system equipment is monitored at the LCP and the DCS: 
 

1. Two vaporizers 
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2. One open/close motor-actuated valve located on the common 
discharge of the vaporizers 

 
The following LOX system equipment is also monitored at the DCS through the 
Local Control Panel: 

 
1. LOX tank pressure transmitter 
2. LOX tank level transmitter 
3. GOX pressure transmitter 
4. GOX temperature transmitter 

 
The following shall be sent from the DCS to the Ozone System MOCP: 
 

1. GOX pressure 
2. GOX temperature 

 
C. OPERATION 

 
1. Automatic Operation  

Normal operation of the LOX system is automated via the vaporizer 
switching manifold. The control mode is automatic sequencing based on a 
timed response. When the time expires, the standby vaporizer valve will 
become the duty vaporizer and the original duty vaporizer will become the 
standby vaporizer. 
 
When the Ozone System start up is initiated through the DCS, the motor-
actuated valve will open. When the Ozone System is shut down through 
the DCS, the motor-actuated valve will close. 
 

D. INTERLOCKS 

All interlocks and automatic safety shut offs are incorporated as required. 
 
1. Hardwired Interlocks 

 
i. Hardwired interlocks between the level in the LOX tank and the 

operation of the LOX vaporizer are provided by the LOX 
supplier. 

 
2. Software Interlocks 
 

i. Upon Ozone generator failure, the motor-actuated valve shall be 
called to close. 

ii. Upon the start of the ozone generator, the motor-actuated valve 
shall be opened. 
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3.05 OZONE SYSTEM 

 

REFERENCE P&ID:  Sustainable Water Phase 3 – Demonstration Facility, I-201 
 
A. PROCESS OVERVIEW 

 
The major equipment for the Ozone system includes: 

 
1. One oxygen particulate filter 
2. Two ozone generator skids 
3. Two power supply unit skids (PSU) 
4. One destruct skid 
5. One ozone injection skid 
6. One air compressor 
7. One Main Ozone Control Panel (MOCP) 
8. One pipeline flash reactor 
9. One off-gas demister 
10. One dew point analyzer (77-AITX-0119) 
11. Two high concentration ozone gas monitors (one on each generator skid) 
12. One medium concentration ozone gas monitor (on inlet to destruct skid, 

77-AITX-0110) 
13. One low concentration ozone gas monitor (on destruct skid) 
14. Four ambient ozone gas monitors 

o Ozone room (77-AITX-0105) 
o Process area (77-AITX-0106) 
o Biofilters (77-AITX-0166) 
o Lab (77-AITX-0101) 

15. One ambient oxygen monitor (77-AITX-0107) 
16. Two ozone residual analyzers 

o One-, two-, and three-minute sample locations (77-AITX-0102) 
o Four-, six-, and eight-minute sample locations; post-sodium bisulfite 

sample location (77-AITX-0108) 
17. Miscellaneous controls and instrumentation including motor-actuated 

valves, solenoid valves, flow transmitters, flow meters, pressure gauges, 
pressure transmitters, differential pressure indicators, temperature 
gauges, and temperature transmitters. 

 
Ozone contact improves the UV transmittance of the water, provides disinfection, 
oxidation of color, tastes, and odors, micropollutants, and converts the refractory 
organic compounds into assimilable organic carbon to improve the effectiveness 
of biofiltration downstream. GOX is provided by the LOX system and feeds into 
one of the duty/standby ozone generators. An air compressor provides 
supplemental air containing nitrogen (nitrogen boost) to the GOX feed line for 
efficient operation of the ozone system. The ozone generator utilizes dielectrics 
to convert the GOX into ozone. The PSU provides power to the generator for this 
process. A plant-wide cooling water loop provides temperature control through 
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both the generators and PSUs. 
 
The ozone is injected via sidestream injection by conveying ozone to an injection 
skid that is equipped with pumps and an eductor. The duty/standby pumps are 
fed from a sidestream that is pulled from the settled water pipeline. The pump 
conveys settled water through an eductor where the ozone is injected. The 
ozonated water is fed back into the settled water pipeline at a flash reactor. 
 
The ozonated water is routed through a pipeline contactor to provide the desired 
ozone contact time prior to the biofilters. The ozone residual can be monitored at 
several points throughout the ozone contactor.  Ozone analyzers located on the 
ozone contact pipeline shall be provided by the Design/Builder.  Ambient ozone 
analyzers, ambient oxygen analyzer and dewpoint analyzers shall be furnished 
by the Ozone System Supplier (OSS). 
 

B. EQUIPMENT 

 
The following Ozone system equipment is controlled and monitored through the 
Main Ozone Control Panel: 
 

1. Two ozone generator skids 
2. Two power supply unit skids (PSU) 
3. One destruct skid 
4. One ozone injection skid 
5. One air compressor 
6. One dew point analyzer 
7. One medium concentration ozone gas monitor 
8. Two ambient ozone gas monitors 
9. One ambient oxygen monitor 

 
The generation skids, destruct skid and injection skid shall be connected to the 
MOCP using Cat 5 cable as shown on Contract Drawing I2. The MOCP shall 
communicate with the DCS using Ethernet via Cat 5 cable.  The OSS shall 
provide all monitoring and control data to be transferred between the MOCP PLC 
and the plant control system in contiguous registers to facilitate block read and 
write commands for efficient scanning by the control system SCADA servers.  
The OSS shall provide a list of the signals to be transferred to the Design/Builder 
for review.   
 

C. OPERATION 

 
1. General 

The Ozone system start/stop operation and ozone gas output shall be 
controlled remotely to the MOCP by the plant DCS. The plant DCS shall 
generate an ozone output demand signal to the Ozone system based on 
one of the following algorithms residing in the plant DCS programming. 
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a. Applied ozone dose 

b. Operator-entered ozone residual 

c. UV-254 reduction control 

d. Feed forward applied ozone dose with ozone residual trim 

e. Ozone residual setpoint with NO2 feed forward trim 

 
2. Automatic Operation – Applied Ozone Dose 

For normal operation, the Ozone system can be operated by selecting 
OZONE DOSE at the DCS. 
 
Normal operation of the Ozone system is through the DCS with feed 
forward control based on an applied ozone dose and the process flow 
rate. The DCS shall determine the ozone output based on the following: 
 
a. Ozone dose (mg/L, Operator selected at the DCS between 4 – 20 

mg/L) 

b. Process flow rate, calculated sum of biofilter effluent flowrates (FIT-

0162+FIT-0172 + FIT-0182 + FIT-0192) 

c. Ozone concentration (%, Operator selected at the DCS between 6 

and 12%) 

Ozone Output (ppd) = 
8.34 × Ozone Dose (mg/L) × Process Flow Rate (MGD) 
 
The MOCP shall adjust the ozone output to achieve the desired ozone 
dose based the ozone output signal (in ppd) and the ozone % 
concentration from the DCS. 
 

3. Automatic Operation – Operator-Entered Ozone Residual 

For an alternate operation, the Ozone system can be operated by 
selecting OZONE RESIDUAL at the DCS. 
 
Alternate 1 operation of the Ozone system is through the DCS with control 
based on an operator-entered ozone residual setpoint. The DCS shall 
determine the ozone output based on the following: 
 
a. Ozone residual setpoint (mg/L, Operator selected at DCS between 

0 – 2 mg/L) 
 
Upon entering the residual setpoint at the DCS, the operator shall 
be asked to select ozone residual analyzer AIT-0102 or AIT-0108. 
The operator shall make an ozone analyzer selection based on 
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which sampling port the ozone residual reading should come from: 
 

1) Ozone analyzer AIT-0102: 0.5 minutes, 1 minute, or 2 

minutes 

2) Ozone analyzer AIT-0108: 3 minutes, 6 minutes, or 8.5 

minutes 

 
Upon selection, the operator shall manually move the ozone 
analyzer to the appropriate insertion/extraction valve location on the 
ozone contact pipeline.  The selected analyzer shall provide a 4-20 
mA signal proportional to the ozone residual to the DCS. 
 

b. Ozone concentration (%, Operator selected at the DCS) 

 
The DCS shall adjust the ozone output signal to the MOCP using PID loop 
control based on the residual setpoint and the residual output at the 
selected ozone analyzer. The MOCP shall adjust the ozone output to 
achieve the desired ozone residual based the ozone output signal (in ppd) 
and the ozone % concentration from the DCS. 
 

4. Automatic Operation – UV-254 Reduction Control 

For an alternate operation, the Ozone system can be operated by 
selecting UV-254 REDUCTION at the DCS. 
 
Alternate 2 operation of the Ozone system is through the DCS with control 
based on an operator-entered UV-254 reduction setpoint. The DCS shall 
determine the ozone output based on the following: 
 
a. UV-254 Reduction setpoint (%, Operator selected at DCS between 

15 and 40%) 
 
The DCS shall adjust the ozone output signal using PID loop 
control based comparing the operator-entered reduction setpoint to 
the following: 

 
UV-254 Reduction, % = (AIT-0100 - AIT-0126) ÷ AIT-0126 

 
1) AIT-0126 UV-254 reading upstream of ozone contactor 

2) AIT-0100 UV-254 reading downstream of ozone 

contactor 

 

b. Ozone concentration (%, Operator selected at the DCS) 

 
The DCS shall adjust the ozone output signal to the MOCP using PID loop 
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control based on the UV-254 reduction setpoint and the calculated UV-254 
reduction. The MOCP shall adjust the ozone output to achieve the desired 
ozone residual based the ozone output signal (in ppd) and the ozone % 
concentration from the DCS. 
 

5. Automatic Operation - Feed forward applied ozone dose with residual trim 
 
For an alternate operation, the Ozone system can be operated by 
selecting FEED FORWARD DOSE & RESIDUAL TRIM at the DCS. 

 
a. Operator input for O3:TOC ratio (0.5 - 1.5) 
b. Operator input for target ozone residual at selected analyzer 
c. Operator input for TOC:UV254 ratio (initially set at 0.018) 
d. Utilize online NO2 and TOC analyzers to calculate dose setpoint:  

 
Ozone dose = NO2 (mg/L-N) × 3.4 + UV254 × UV254:TOC ratio × 
O3:TOC ratio 
 
Flow rate, calculated sum of biofilter effluent flowrates (FIT-0152 + 

FIT-0162 + FIT-0172 + FIT-0182) 

Ozone Output (ppd) = 8.34 × Ozone Dose (mg/L) × Flow Rate (MGD) 
 

e. If ozone residual is greater than target ozone residual setpoint, use 
operator adjustable trim factor (between 0 and 5, set initially at 1) to 
decrease ozone dose setpoint 
 

f. If ozone residual is less than target ozone residual setpoint, use 
operator adjustable trim factor (between 0 and 5, set initially at 1) to 
increase ozone dose setpoint 

 
6. Automatic Operation - Ozone residual setpoint with NO2 feed forward trim  

 
For an alternate operation, the Ozone system can be operated by 
selecting OZONE RESIDUAL WITH NITRITE FEED FORWARD TRIM at 
the DCS. 
 

a. Operator shall enter the ozone residual setpoint for the selected 
residual analyzer in mg/L, between 0 – 2 mg/L 
 

b. Operator shall input water travel time from  
i. A - NO2 sensor (AE-112B) to ozone flash reactor. User 

selectable between 30 and 90 minutes, set initially at 60 
minutes. 

ii. B - Ozone flash reactor to ozone residual analyzer (AIT-0102 
or 0108). User selectable between 0 and 20 minutes, set 
initially at 2 minutes. 
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c. The NO2 analyzer (AIT-112B) shall store time stamped NO2 data 

and track the change in measured NO2 when the water is being 
dosed with ozone at the flash reactor (time stamp A), and when the 
ozone is measured at the residual ozone analyzer (time stamp B). 
The DCS shall subtract the NO2 in time stamp B from time stamp A 
in real time. 
 

d. Multiply the change in NO2 by 3.4 to define the calculated feed-
forward NO2 demand on the ozone feed in mg/L. 

 
e. Use operator adjustable trim factor (between 0 and 5, set initially at 

1) to increase/decrease ozone residual setpoint based on feed-
forward NO2 demand 
 

7. DCS Manual Operation 
 
The ozone system shall be capable of operating in DCS Manual mode. 
DCS manual operation shall be initiated at the Operator Workstation. In 
DCS manual mode, the ozone generator shall operate at a manually 
entered ozone output (ppd) and % ozone concentration from the DCS. 
 

B. INTERLOCKS 

All interlocks and automatic safety shut offs are incorporated as required. 
 

1. Software Interlocks: 
 

i. During ozone system failure, water shall be diverted to off spec 
according to Section 3.11 – Recharge Well and Backflush Pump 
– Finished Water to Off Spec Mode. 
 

ii. The ozone system shall shutdown when ambient ozone 
analyzers detect ozone above the Ambient Ozone High High 
level. 

 
iii. The MOCP shall require a run permissive signal from the DCS 

in order to operate in automatic mode. 
 

C. ALARMS AND CONTROLS 

1. Alarms 
 

Alarms for failure of equipment and abnormal conditions shall be 
displayed at the DCS.  The OSS shall provide a list of the alarms to be 
transferred to the Design/Builder for review.  
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Two alarm panels shall be provided under Division 17 and located at both 
man door entrances to the ozone generation room as shown on the 
Drawings.   Each alarm panel shall receive a single dry contract relay 
output from the MOCP to indicate that the ozone level in the ozone 
generation room, process area or above the biofilters has triggered either 
a high or high-high alarm setpoint.  The alarm panel shall be a NEMA 4X 
stainless steel enclosure with the following: 
  
a. Horn and Strobe light to be activated upon high or high-high level of 

any ambient ozone analyzer connected to the MOCP. 
 

b. Silence pushbutton shall silence horn but strobe shall stay 
illuminated until the ozone level is no longer at a high or high-high 
level. 

 
2. Controls 

 
Control functions for the Ozone system are activated at the DCS and 
transferred to the MOCP.  The OSS shall provide a list of the controls to 
be received at the MOCP to the Design/Builder for review. 
 

D. ADDITIONAL GRAPHICAL DISPLAYS 

The OSS shall provide a list of the monitoring points able to be sent to the DCS 
from the MOCP to the Design/Builder for review.  The operator workstation 
screens shall be created to mimic the HMI screens created by the OSS. 

 
In addition to the OSS provided monitoring points, the operator workstation shall 
display the following: 
 
1. Ozone contactor CT value using the following equation: 
 
 CT = Ozone Residual × Residence Time 
 
 Where: 
 

Ozone Residual = mg/L, dissolved ozone concentration at 
measurement location (77-AIT-0106 or 77-AIT-0108). 

 
Residence time = minutes, residence time corresponding to location of 
ozone reading along pipeline contactor (0.5, 1, 2, 3, 6, or 8.5 minutes) 

 
2. Ozone contactor LRV using the result from the CT calculation and the water 

temperature from 75-TIT-0116 using the following: 
 
 Estimated Virus LRV = 4.0 × (CTactual / CT4 LRV Virus) 
 
 CTactual = Calculated CT from above 
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 For temp. ≤ 5°C    CT4 LRV, Virus = (-0.15 × Temp) + 1.95 
 For 5°C < temp. ≤ 10°C   CT4 LRV, Virus = (-0.04 × Temp) + 1.4 
 For 10°C < temp. ≤ 15°C  CT4 LRV, Virus = (-0.08 × Temp) + 1.8 
 For 15°C < temp. ≤ 20°C  CT4 LRV, Virus = (-0.02 × Temp) + 0.9 
 For temp. > 20°C    CT4 LRV, Virus = (-0.04 × Temp) + 1.3 

 
3.06 BIOLOGICALLY ACTIVE FILTER 
 
REFERENCE P&ID: Sustainable Water Phase 3: Demonstration Facility, I-202 
 
A. Process Overview 
 

The process includes four biologically active filters (BAFs) installed downstream of 
the ozone contactor. Each filter is designed to treat 33% of the process flow with an 
empty bed contact time of 9.3 minutes and a hydraulic loading rate of 4 gallons per 
minute/square foot of media surface area. The BAFs have 5 feet of granular 
activated carbon installed as a filtration media. In normal operating mode, three 
filters will be in forward flow mode and one filter will be in standby. The biofilters are 
designed to facilitate the removal of suspended particulate matter as well as organic 
carbon converted to assimilable organic carbon (AOC) during the ozonation 
process. The biofilters can be washed using air, water, and an air water combination 
in order to achieve a collapse-pulse backwash condition. The facility flow balance 
can support a worst case filter run time of approximately 18 hours (per filter). The 
major equipment for Biological Active Filters: 
 

 Underdrain System 

 Air Scour Blowers 

 Motor operated valves (modulating and open/close) 
 

From the OWS, operations shall be able to select each filter to be In Service or Out 
of Service. Filters shall be Out of Service during filter inspection or filter 
maintenance.  A filter shall be considered Out of Service when both the influent and 
effluent control valves are closed. 
 
During normal filter operation, the following shall alert operations that a filter requires 
a backwash: 
 

 If the filter loss of head reaches the high loss of head alarm set point. 
 

 The filter run time shall reached the maximum duration. 
 

During normal filtration If the filter effluent turbidity reaches the high alarm set point, 
the DCS shall alert operations that the filters requires a backwash and take the filter 
Out of Service by closing the filter influent and effluent valves. 
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There shall be three modes of operation during a filter backwash, DCS-
AUTOMATIC, DCS-SEMI AUTOMATIC and DCS-MANUAL.  During all modes of 
operation the DCS shall permit the following: 
 

 Only one filter may be backwashed at any time 

 A GAC adsorber may not be backwashed at the same time as a BAF. 

 Prior to initiating a BAF backwash the DCS shall confirm that there is adequate 
backwash water in the GAC pump station (initial setting El. 12.50). 

 Prior to initiating a BAF backwash the DCS shall confirm that there is adequate 
volume in the Drain Pump Station to receive the BAF backwash water (initial 
setting EL. 7.50).  

 
 
For all modes of operation, operations shall enter the backwash variables (water, 
air, water/air flow rates and durations, etc.) for each filter. Operations may enter a 
zero for a flow or duration in a step that is to be skipped. Operations shall select 
from the three backwash modes listed below for each filter.  When a filter is required 
to be backwashed, the DCS shall proceed with the filter backwash in accordance 
with the backwash mode selected. 

 

 In DCS-AUTOMATIC mode, the DCS shall display the current backwash step 
on the OWS but will proceed through the backwash steps without operator 
intervention.   
 

 In DCS-SEMI-AUTOMATIC mode, the DCS shall prompt the operator to 
initiate each step in the backwash sequence from the OWS.   

 

 In DCS-MANUAL mode, the DCS shall prompt the operator to open/close 
manual valves, enter positions for modulating valves, start/stop the blowers 
and GAC pumps in each step of the backwash sequence. 

 
During the backwash sequence in any backwash mode the DCS shall confirm each 
backwash step has been completed before continuing on to the next step.  This shall 
be accomplished by the confirmation of a valve opening or closing utilizing the limit 
switches, a modulating valve reaching 4 mA (fully closed) and the associated 
flowmeter registering zero flow or utilizing the pump or blower motor run/stop 
feedback.  
 
When a filter is any backwash mode, any disruption in the backwash cycle such as 
a valve position failure, blower or pump fault or power failure shall cause the DCS 
to mark the filter off line. The filter influent, effluent, and filter-to-waste valves shall 
be closed. The air scour valve shall close and then the air scour blower shall shut 
down. The filter shall remain marked offline until an operator determines the reason 
for the disruption in the backwash cycle and manually initiates the filter backwash 
sequence. 
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To operate a backwash in any DCS mode, a minimum of one blower and one 
backwash pumps’ H-O-A switch on the respective VFD is required to be in the 
AUTO position. 
 

B. Equipment – See P&ID for instrument tagging information 
 

The following biological active filter equipment is controlled or monitored through 
the control system: 
 
1. One common filter influent UV254 analyzer (AIT-0100) 
2. One common filter influent total chlorine analyzer (AIT-0101) 
3. One common filter influent ORP analyzer (AIT-0110) 
4. One common filter influent pH analyzer (AIT-0102) 
5. Biological Filters (four) 
6. Positive displacement air scour blowers (BLWR-0111, 0112) 
7. One blower discharge venturi flowmeter with differential pressure transmitter 

(DPIT-0103) 
8. One blower discharge RTD with thermowell and temperature transmitter (TIT-

105) 
9. One blower discharge pressure transmitter (PIT-0104) 
10. Four ultrasonic level sensors (one per biofilter, LIT-0160, 1070, 1080, 1090) 
11. Four differential pressure transmitters (one per filter, DPIT-0161, 0171, 0181, 

0191) 
12. Four magnetic flow meters (one per Filter, FIT-0162, 0172, 0182, 0192) 
13. Four filter influent valves (one per filter, MOV-0121, 0131, 0141, 0151) 
14. Four backwash supply valves (one per filter, MOV-0124, 0134, 0144, 0154) 
15. Four filter effluent control valves (one per filter, MOV-0127, 0137, 0147, 0157) 
16. Four filter effluent isolation valves (one per filter, MOV-0122, 0132, 0142, 0152) 
17. Four filter to waste valves (one per filter, MOV-0123, 0133, 0143, 0153) 
18. Four filter air scour valves (one per filter, MOV-0125, 0135, 0145, 0155) 
19. Four filter effluent turbidity analyzers (one per filter, AIT-0163, 0173, 0183, 

0193) 
20. One common pH analyzer (AIT-0109) 
21. One common filter effluent turbidity analyzer (AIT-0106) 
22. One common filter effluent UV254 analyzer (AIT-0107) 
23. One common filter effluent DO analyzer (AIT-0108) 

 
C. Operation 
 
  a.   Filtration Mode 

    
1. In DCS-AUTOMATIC mode: 

 
a. The DCS shall divide the Settled Water Flow by the 

number of in service filters to determine the each filter’s 
Filtered Water Flow setpoint.  The DCS shall modulate 
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each filter’s effluent control valve to achieve this flow 
rate split evenly through each in service filter. 

 
2. In DCS-MANUAL mode: 

 
a. The DCS shall modulate each filter’s effluent control 

valve to achieve an operator-entered Filtered Water 
Flow setpoint for each individual filter. 

 
b. One of the duty filters shall be assigned to be the lag 

filter. The lag filter will adjust its filtered water flow 
setpoint based on the following calculation: 

 
Lag Filter Flow = Settled Water Flow – Sum of filtered 
water flow setpoints for in service filters.   
 
Formula for Settled Water Flow is located in Section 
3.03 C. 

    
  b. During normal filtration, filter valve positions shall be as follows: 
 
   i. Filter influent valve – open  
   ii. Filter effluent control valve – modulating to set point 
   iii Filter effluent valve - open 
   iv. Filter-to-waste valve - closed 
   v. Backwash supply valve – closed  
   vi. Backwash drain valve – closed  
 vii. Air scour valve – closed 
 

c. During normal filtration, effluent flow control shall be achieved as 
follows. The filter effluent control valve (MOV-01X7) shall control 
each filter effluent flow based on the Filtered Water Flow setpoint for 
each filter using PID control. A constant effluent flow rate through 
each filter shall be maintained during normal operation. 

 
3. Filter Backwash Mode 
 

a. Filter controls shall allow each of the four filters to be backwashed 
using the sequence described below.  

    
b. Filter backwash shall be initiated based on high individual filter 

effluent turbidity, high loss of head, or high filter run time. 
 

c. The Operators shall enter the following backwash parameters into 
the OWS specific for each filter: 

 
i. Air-only scour (air flow rate and duration) 
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ii. Concurrent air and water wash (air flow rate, water flow rate, 
and duration) 

iii. Low, high, and final wash (water flow rates and durations) 
iv. Filter-to-waste limit (minimum time, turbidity permissive value to 

end filter-to-waste cycle, maximum time [alarm]) 
v. Maximum elapsed time between backwashes (hours) 
vi. Maximum loss of head for initiating backwash (in inches WC) 
vii. Maximum turbidity for initiating backwash (in NTU) 
viii. Low rate “bump” step (water flow rate, interval, duration) 

 

Backwash Initial Settings (all operator adjustable) 

Parameter Value, units Duration 

Air Only Air Scour Flow 4 scfm 60 seconds 

Combined Air Water: 
Air Flow Rate 

4 scfm 
240 seconds, or 
when water level 
reaches bottom of 
backwash launder 
EL 28.40 

Combined Air Water: 
Water Flow Rate 

5 gpm/sf 

Low Water Wash Rate 10 gpm/sf 300 seconds 

High Water Wash Rate 20 gpm/sf 600 seconds 

Final Water Wash Rate 10 gpm/sf 300 seconds 

Low Wash Bump 6 gpm/sf 60 seconds 

Filter surface area (each) 71 square feet 

 
e. Once a backwash is initiated from the OWS in any backwash mode, 

the filter rate-of-flow controller shall no longer respond to the setpoint 
flow rate. The remaining filters in service shall adjust their effluent 
flow rate accordingly to maintain the aquifer injection production rate 
(i.e. influent water flow rate shall not change).  The filtration rate 
setting shall track the setpoint for the remaining in-service filters to 
provide for a “bumpless” return to service. 

 
f. Backwash Sequence  
 

i. DRAIN DOWN AND AIR ONLY SCOUR - The filter backwash 
sequence shall begin with the closing of the filter influent valve. 
Closing the influent valve shall also stop the run (filter in 
service) clock for the filter run time. The filter shall continue to 
process water (filter effluent valve shall remain in its previous 
position) until the level is drawn down to 6 inches above the 
filter media as measured by the level sensor. An alarm shall 
occur if the minimum filter level is not obtained within 15 
minutes. At this point, the filter rate-of-flow controller setpoint 
shall be reset by the control system to zero flow, which shall 
close the filter effluent control valve. The backwash drain valve 
shall then open. The air valve to the filter shall open. An blower 
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shall start and ramp up slowly, starting from minimum speed 
up to the operator adjustable air only air scour air flow rate 
(entered in scfm/sf). When the air flow rate reaches the air flow 
rate setpoint, the air scour timer shall start.  The duration of the 
air scour cycle shall be operator adjustable from 0 to 300 
seconds.  

ii. COMBINED AIR WATER WASH – The blower shall adjust its 
speed to achieve the operator adjustable combined air water 
wash air scour air flow rate (entered in scfm/sf). The filter 
backwash isolation valve shall open. The backwash pump 
shall start and ramp up slowly to the operator adjustable 
combined air water wash backwash flow setpoint (entered in 
gpm/sf). When the backwash flow reaches the setpoint, the 
timer shall start. When the rising water level reaches the 
bottom of the wash troughs or the timer expires (whichever 
occurs first), the blower shall ramp down and stop. The water 
shall continue at the air water wash backwash flow setpoint to 
purge the media of residual air. The duration of the combined 
air water wash cycle shall be operator adjustable from 0 – 300 
seconds. 

iii. LOW RATE WATER WASH – The backwash pump shall 
adjust its speed gradually to reach the operator adjustable low 
rate backwash flow setpoint. When the backwash flow reaches 
the setpoint, the timer shall start. The duration of the high rate 
wash shall be operator adjustable from 0 – 300 seconds. 

iv. HIGH RATE WASH – The backwash pump shall adjust its 
speed gradually to reach the operator adjustable high rate 
backwash flow setpoint. When the backwash flow reaches the 
setpoint, the timer shall start. The duration of the high rate 
wash shall be operator adjustable from 0 – 600 seconds. 

 
ii. FINAL WASH – The backwash pump shall adjust its speed 

gradually to reach the operator adjustable final backwash flow 
setpoint. When the backwash flow reaches the setpoint, the 
timer shall start. The duration of the high rate wash shall be 
operator adjustable from 0 – 300 seconds. 

 
iii. FILL - At the end of the backwash cycle the filter influent valve 

shall slowly open with the filter effluent control valve remaining 
closed. The filter shall fill to its normal operating level. Once 
the normal level is reached, depending on the operating modes 
below, the DCS shall either: 
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a. If in “Operator Permissive Filter to Waste Mode”: prompt 
the operator to permit the filter to start a filter to waste 
sequence  

b. If in “Automatic Filter to Waste Mode”: automatically start 
a filter to waste sequence 

 
iv. FILTER TO WASTE START - After achieving the permissive 

above, upon starting the filter to waste sequence, the DCS 
shall open the filter to waste valve and modulate the position 
of the filter effluent control valve achieve an operator 
adjustable filter-to-waste flow rate setpoint. The filter-to-waste 
setpoint flow shall be initially set to the filtration rate prior to 
backwash; however, the setpoint shall be adjustable by the 
Operator up to a maximum rate of 4 gpm/sf. 

 
v. FILTER TO WASTE COMPLETE - The filter-to-waste cycle 

shall continue until the operator adjustable filter to waste 
turbidity permissive value is obtained and maintained for an 
operator adjustable time duration. If the preset turbidity value 
is not obtained after the preset time duration, an alarm shall be 
displayed at the OWS. Once the filter to waste turbidity 
permissive is achieved,  depending on the operating modes 
below, the DCS shall either: 

 
a. If in “Operator Permissive Filter In Service Mode”: 

prompt the operator to permit the filter to enter 
production mode. 

b. If in “Automatic Filter In Service Mode”: the DCS 
shall return the filter to service. 

 
vi. RETURN TO SERVICE – To return a filter to service, the filter 

effluent valve shall open. After the filter effluent valve is fully 
open, the filter to waste valve shall close. Once the filter rate 
of flow set point is achieved, the filter run (in-service) clock 
shall reset and begin recording filter run time. The DCS shall 
calculate and record the volume of washwater used and the 
volume of filter-to-waste water sent to the drain pump station. 

  
vii. The following conditions shall initiate a “Backwash Fail”        

alarm at the OWS and shall be reason for marking the filter off 
line: 

 

 Neither air scour blower starts 

 No filter level signal is available 

 Any valve fails to open or close, or fails to reach 
its set point position in the allotted time 
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 Plant power failure during backwash 

 Filter effluent turbidity analyzer is off line 
 
h.  Filter “Low Wash Bump” (low rate water only rinse) 

 
i. If enabled by the operator, the Low Wash Bump Sequence 

shall be initiated based on the operator selected operating 
mode below if at least four filters are currently in service: 

 
a. If in “Operator Prompted Bump” mode, prompt the 

operator to permit the start of the sequence after an 
operator adjustable Low Wash Bump interval. 

i. If fewer than four filters in service, the DCS 
shall prompt the operator to place all filters in 
service prior to initiating the bump sequence. 

b. If in “Automatic Bump” mode, automatically start the 
bump sequence after the operator adjustable Low 
Wash Bump interval. 

i. If fewer than four filters in service, the DCS 
shall prompt the operator to place all filters in 
service prior to initiating the bump sequence. 

 
ii. The filter bump sequence shall be initiated every 12 hours 

(operator adjustable) with the closing of the filter influent 
valve. Closing the influent valve shall stop the run (filter in 
service) clock for the filter run time. The filter shall continue to 
process water (filter effluent valve shall remain in its previous 
position) until the level in the filter is drawn down to 6 inches 
above the filter media as measured by the level sensor. An 
alarm shall occur if the minimum filter level is not obtained 
within 15 minutes. When the water level in the filter reaches 
the appropriate level, the filter rate-of-flow controller setpoint 
shall be reset by the control system to zero flow, which shall 
close the filter effluent control valve. The backwash drain 
valve shall then open slowly. The filter backwash isolation 
valve shall open. The backwash pump shall start and shall 
adjust its speed gradually to achieve the operator input filter 
bump flow rate, set initially at 6 gpm/sf. The duration of the 
wash shall be adjustable, with an initial setting of 1 minute.  

 
 

d. Software Interlocks  
 

1. The backwash feed pumps shall be interlocked with the level of the GAC 
pump station wetwell. A backwash shall not be initiated if there is not an 
adequate volume (level) in the GAC pump station. 
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2. One backwash pump may be operated at a time. 
 

3. One filter may be backwashed (in any mode, including Low Wash Bump) 
at a time. 

 
4. A biofilter backwash and a GAC contactor backwash may not be initiated 

concurrently. 
 

 
e. Alarms and Controls  

 
1. Combined filter effluent UV254 (77-AIT-0107) or DO (77-AIT-0108) at high 

or low alarm setpoints. 
 

2. GAC Feed pump station at level inadequate for the backwash mode 
chosen. 
 

3. Level in the filter is reaching a high level at any point during normal filtration 
or during any backwash mode. 

 
4. Level in the filter is reaching a low level at any point during normal filtration 

or during any backwash mode. 
 

f. Graphical Display 
 

1.   Display the following at the 
OWS for each filter: 

 
a.      The status of each filter (normal filtration mode, backwash mode, filter 

out of service) 
 
b. Actual filter run (in service) time and total time between backwashes. 
 
c. Total backwash water volume and total filter-to-waste water volume 

for each filter  
 

3.07 GAC FEED PUMP SYSTEM 
 
REFERENCE P&ID: Sustainable Water Phase 3: Demonstration Facility, I-300 
 
A. PROCESS OVERVIEW 

 
The GAC feed pumps convey BAF effluent water from the GAC pump station wet 
well into the GAC contactors. The GAC Feed Pump Station wet well provides 
forward flow equalization and storage of filtered water for backwashing of the 
BAF, supplying influent to the GAC contactors and/or backwashing the GAC 
contactors. The GAC pump station will normally be full of water.  
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During a BAF or GAC contactor backwash, the backwash pumps (also located in 
the GAC pump station) cause a drop in the GAC feed pump station wet well 
level. The flowrate into the GAC pump station is 850 gpm while the flowrate out 
of the GAC pump station (to the GAC contactors) is 700 gpm. In the event the 
level in the GAC pump station wet well reached a high level and in order to 
maintain even loading of the BAF, excess water will be directed to the Drain 
Pump Station through the GAC Feed Bypass to Drain Valve (MOV-0130).   
 

B. EQUIPMENT 
 

The following GAC Feed pumping system equipment is controlled or monitored 
by the DCS: 
  

 GAC Feed Pumps - submersible centrifugal with VFDs (2 total) 

 Pump discharge high pressure switch (PSH-0101) 

 GAC Feed Pump Station Wetwell Level Sensor (LIT-0101) 

 GAC Feed Pump Station High High Level Switch (LSHH-0101) 

 GAC Feed Pump Station Low Low Level Switch (LSLL-0101) 

 GAC Contactor  Influent Flow meter (FIT-0220 and FIT-0230) 

 GAC Feed Pump Discharge Pressure (PIT-0101) 

 GAC Feed Bypass to Drain Valve (MOV-0130) 
 

C. OPERATION 
 

1. General  
 
The GAC feed pumps shall change speed within a user defined range of 
rates, set initially at 1 Hz/second. 
 
When both GAC Feed pumps’ HOA selector switches are in the AUTO 
position, the operator shall initially select one pump to be the duty pump 
and one pump to be the standby pump.   

 
2. Automatic Operation (Normal) 

 
When the GAC Contactors are manually configured to operate in parallel, 
the DCS shall control the speed of the duty GAC pump using PID loop 
control based on the following: 
 

 Setpoint: Finished Water Flow Setpoint (300 – 700 gpm, set 
initially at 700) 

 Process variable: Sum of FIT-0220 and FIT-0230 
 

When the GAC Contactors are manually configured to operate in 
duty/standby or in series, the DCS shall control the speed of the duty 
pump using PID loop control based on the following: 
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 Setpoint: Finished Water Flow Setpoint 

 Process variable: GAC Contactor flow rate through the duty GAC 
Contactor, FIT 0220 or FIT 0230.   
 

The level in the GAC Feed Pump station wetwell shall be maintained by 
utilizing the water to feed the GAC contactors (primary) and provide 
backwash water to the BAF and GAC contactors (secondary).  See below: 
 

Action Elevation (ft) 
MOV-0130 closes (upon falling) 12 
High level (MOV-0130 operates to maintain level) 13 
Level adequate for Biofilter backwash 12.5 
Level adequate for GAC Contactor backwash 12.5 
Level adequate for GAC Contactor feed 7 
Low level alarm 8 
Low level pump shutdown (software) 7 
Low-low level switch activated (hardwired) 6.5 

  
 The GAC Feed Bypass to Drain Valve (MOV-0130) shall remain closed 
until the water level in the GAC Feed Pump Station reaches the high level 
setpoint. 
 
When the GAC Feed Pump Station water level reaches the high level set 
point, the GAC Feed Bypass to Drain Valve shall be positioned using PID 
loop control to maintain constant level in the GAC Feed Pump Station.   
 

E. INTERLOCKS 
 

All interlocks and automatic safety shut offs are incorporated as required: 
 
1. Hardwired Interlocks – hardwired interlocks shall be as shown on the 

Elementary Control Schematics. 

2. Software Interlocks 
 
a. A BAF or GAC Contactor backwash shall not be permitted to take 

place unless the level condition in the GAC Feed Pump Station 
(LIT-0101) is satisfied based on the table above. 

 
b. A running GAC Feed pump shall shut down upon the GAC 

Contactor inlet flow rate (FIT-0220 and/or FIT-0230 depending on 
GAC Contactor parallel or series configuration) reading less than 
20% of the setpoint flow, after an operator adjustable time delay set 
initially at 30 seconds. 
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F. ADDITIONAL ALARMS  
 

 GAC Contactor Low Flow per FIT-0220 and/or FIT-0230 
 
3.08 BACKWASH PUMP SYSTEM 
 
REFERENCE P&ID:  Sustainable Water Phase 3: Demonstration Facility, I-300 
 
A. PROCESS OVERVIEW 

 
The Backwash Pumps provide backwash water to the BAF and GAC contactor 
unit processes and will operate according to the flow conditions and sequencing 
requirements outlined in the BAF and GAC contactor functional description 
sections.   
 

B. EQUIPMENT 
 

The following backwash pumping system equipment is controlled or monitored by 
the DCS: 
  

 Backwash Pumps - submersible centrifugal pumps with VFDs (2 total) 

 Pump discharge high pressure switch (PSH-0102) 

 Backwash flowmeter (FIT-0103) 

 Backwash pump discharge pressure (PIT-0102) 

 GAC Feed Pump Station wetwell ultrasonic level sensor (LIT-0101) 

 GAC Feed Pump Station low level switch (LSLL-0101) 
 

D. OPERATION 
 

1. General 
 
a. When both backwash feed pumps’ HOA selector switches are in 

the AUTO position, the operator shall initially select one pump to be 
the duty pump and one pump to be the standby pump.   
 

b. Prior to initiating a BAF backwash the DCS shall confirm that there 
is adequate backwash water in the GAC pump station. 
 

c. Prior to initiating a BAF backwash the DCS shall confirm that there 
is adequate volume in the Drain Pump Station to receive the BAF 
backwash water (range 7.0 – 12.0, initial setting EL. 7.50).  

 
2. Automatic Operation  
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The DCS shall control the duty backwash pump speed using PID loop 
control and the backwash pump flowmeter based on the flow required by 
the BAF backwash flow setpoints or GAC backwash flow setpoints.   
 
The backwash pumps shall not be permitted to rotate automatically while 
a BAF or GAC backwash is in progress. 

 
F. INTERLOCKS 

 
1. Hardwired Interlocks – hardwired interlocks shall be as shown on the 

Elementary Control Schematics. 
 

2. Software Interlocks 
 
a. A running backwash pump shall shut down upon the backwash flow 

meter (FIT-0103) reading less than 20% of the flow setpoint (operator 
adjustable), after a time delay set initially at 1 minute. A BAF 
backwash and a GAC backwash may not be run simultaneously.   

 
b. A running backwash pump shall shut down upon an operator 

adjustable high high setpoint level in the Drain Pump Station set 
initially at EL13.00.  Until the level in the drain pump station reaches 
a low level adequate for the resumption of either a BAF or GAC 
backwash, the standby pump shall not be permitted to start. 

 
 
 
3.09 GRANULAR ACTIVATED CARBON CONTACTORS 
 

REFERENCE P&ID: Sustainable Water Phase 3: Demonstration Facility, I-203 

A. PROCESS OVERVIEW 

 
The process includes two granular activated carbon (GAC) contactor units. The 
GAC media installed inside the contactor provides an empty bed contact time of 
15 minutes when treating 100% of the process flow. In forward flow operation, 
process flow enters through the top of the pressure vessel and passes through 
the bed of GAC media. The GAC media adsorbs trace organic contaminants and 
improves the transmittance of the water for the subsequent ultraviolet disinfection 
process. 
 
The GAC contactor system is designed to operate in three operating modes 
 

 Single/Parallel operation – operator selects which contactors are in 

service. Configuration enables operation of one or both contactors at a 

time.  
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 Series operation – both contactors operated in series, treating 100% of 

forward flow 

 
Operation of the GAC contactors is manual. Limit switches are provided on the 
valves to allow the DCS to monitor the position of the manual valves during the 
modes of operation described in this section.    
 
The GAC contactors will periodically be backwashed and run through a filter to 
waste period using BAF effluent from the GAC Feed Pump Station.  The GAC 
backwash sequence is again accomplished by manually opening and closing the 
correct valves to allow the backwash and filter-to-waste sequences to occur.   
 
The DCS shall use the limit switches on the valves to determine if the positions of 
the valves are correct to perform the operational modes and backwash modes.  
The correct sequencing shall act as a software permissive to start the GAC feed 
pumps or backwash pumps as required.  
 

B. EQUIPMENT 

The following equipment is controlled or monitored on the DCS: 
 

 1 influent isolation/flow control valve per contactor: MOV-0202, MOV-0212 

 1 effluent isolation valve per contactor, with O/C limit switch: VLV-0203, 

VLV-0213 

 1 filter to waste isolation valve per contactor, with O/C limit switch: VLV-

0207, VLV-0217 

 1 backwash supply isolation valve per contactor, with O/C limit switch: 

VLV-0205, VLV-0215 

 1 backwash waste isolation valve per contactor, with O/C limit switch: 

VLV-0206, VLV-0216 

 1 series/parallel isolation valve per contactor, with O/C limit switch: VLV-

0204, VLV-0214 

 1 flowmeter per contactor: FE-0220, FE-0230 

 1 differential pressure transmitter per contactor: DPIT-0221, DPIT-0231 

 1 pressure transmitter per contactor (utilized to show the level in the 

contactor): LIT-0223, LIT-0233 

 1 TOC analyzer measuring from each Contactor influent or effluent (1 

multichannel analyzer, 4 separate samples): AE/AIT-0222 

 1 GAC effluent ammonia analyzer: AE/AIT-0240 

 1 GAC effluent turbidimeter: AE/AIT-0241 

 
C. OPERATION 
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1. General 

The operator will select the desired mode of operation for the GAC 
contactors from the DCS operator workstation. The operators will 
manually operate the isolation valves according to the selected operating 
mode. The DCS will verify that the valve configuration matches the valve 
configuration required for the desired mode of operation. The available 
modes of operation shall be: 
 

 Single GAC contactor in operation /Both GAC contactors in parallel 

operation 

 Series operation: Contactor 1 primary, Contactor 2 secondary 

 Series operation: Contactor 2 primary, Contactor 1 secondary 

 
The program shall calculate and display the number of bed volumes for 
each contactor based on the totalized throughput of water since the last 
GAC media replacement. The formula for number of bed volumes is as 
follows: 
 
Bed Volumes = [Totalized Contactor No. X Feed Flow since GAC media 
replacement (gallons)] / [Contactor No. X GAC media volume (gallons)] 
 
The OWS shall provide the ability for the operator to enter a media 
replacement event for each contactor. When the operator enters a media 
replacement, the totalized contactor feed flow shall be reset to zero. 
 
The program shall calculate and display the empty bed contact time 
(EBCT) for each contactor based on the instantaneous flow through the 
contactor and the volume of media in the contactor. The formula for EBCT 
is as follows: 
 
EBCT (minutes) = [Contactor No. X GAC media volume (cubic feet)] / 
[Forward flow through contactor (cubic feet per minute)] 
 
Media Volume Per Contactor = 1,432 cubic feet 
 
Forward Flow (cubic feet per minute) = Forward flow (gpm) / 7.48 gallons 
per cubic foot 
 
When a contactor is in Backwash Mode, the program shall calculate and 
display the backwash loading rate (gallons per minute/square foot) for the 
backwashing contactor based on the instantaneous backwash flow 
through the contactor and the surface area of the contactor. The formula 
for backwash loading rate is as follows: 
 
Backwash loading rate (gpm/square ft) = [Backwash flow (gpm)] / [media 
surface area (113 square ft)] 
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The high wash flow rate shall be set by the operator, and adjustable 

between 650 gpm and 1,700 gpm. 

 

The low wash flow rate shall be set by the operator, and adjustable 

between 500 gpm and 1,000 gpm. 

 

The backwash duration timer shall start after the backwash ramp up time 

as expired. 

 

2. Single/Parallel Operation  

The operator shall select the active GAC contactors (1, 2, or both). 

The operator shall enter the Finished Water Flow setpoint. The DCS shall 

control the pump speed using PID loop as described in the GAC Feed 

Pumps Functional Description. The process variable shall be the 

flowmeter(s) corresponding with the active contactor(s) 

When one GAC contactor is selected for service, the influent isolation/flow 

control valves are either fully open or fully closed.  

When both GAC contactors are selected for service the operator shall 

enter the flow split between the contactors (0 -100 %). The forward flow 

shall be split between GAC Contactors 1 and 2 with the influent flow 

control valves using most open valve flow split program.  

Valve positions for Single/Parallel Operation mode are as follows: 

Valve Valve Tag Contactor 
1  

In Service 

Contactor 
2  

In Service 

Both 
Contactors 
in Service 

BW Waste 1 VLV-0206 C C C 

BW Waste 2 VLV-0216 C C C 

Influent 1 MOV-0202 O C MOD 

Influent 2 MOV-0212 C O MOD 

Effluent 1 VLV-0203 O C O 

Effluent 2 VLV-0213 C O O 

Filter to Waste 1 VLV-0207 C C C 

Filter to Waste 2 VLV-0217 C C C 

BW Feed 1 VLV-0205 C C C 

BW Feed 2 VLV-0215 C C C 

Series/Parallel 1 VLV-0204 C C C 

Series/Parallel 2 VLV-0214 C C C 
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3. Backwash 

The operator shall select either GAC contactor 1 or 2 to be backwashed.  

The operator shall enter the GAC contactor backwash flow rate (high 

wash or low wash) and duration. The DCS shall control the backwash 

pump speed using PID loop as described in the Backwash Pumps 

Functional Description. The process variable shall be the flowmeter 

corresponding with the contactor in backwash. 

 

Prior to starting the backwash sequence, the DCS shall verify that the 

Backwash Waste Valve and the Backwash Supply Valve corresponding to 

the Contactor to be backwashed are open. 

 

Valve positions for Backwash mode are as follows: 

Valve Valve Tag Contactor 1 
Backwash 

Contactor 2 
Backwash 

BW Waste 1 VLV-0206 O * 

BW Waste 2 VLV-0216 * O 

Influent 1 MOV-0202 C * 

Influent 2 MOV-0212 * C 

Effluent 1 VLV-0203 C * 

Effluent 2 VLV-0213 * C 

Filter to Waste 1 VLV-0207 C * 

Filter to Waste 2 VLV-0217 * C 

BW Feed 1 VLV-0205 O * 

BW Feed 2 VLV-0215 * O 

Series/Parallel 1 VLV-0204 C C 

Series/Parallel 2 VLV-0214 C C 

Valve positions marked with * are not required to be in either open 
or closed positions. 

 

Prior to backwashing a GAC contactor, the following conditions shall 
be satisfied and shall alarm at the DCS if any of the following conditions 
are true. 

a. GAC Feed Pump Station (Backwash Supply) is below operator-
adjustable backwash capacity setpoint 



 

Sustainable Water Phase 3 –  Functional Control Descriptions – REV 0 
Demonstration Facility 17950-43 IFC June 2017 

b. A biofilter is not in any portion of a backwash sequence. 

c. Another GAC contactor is currently undergoing backwash sequence 
 

d. Drain PS is above operator-adjustable backwash capacity setpoint 
 

4. Filter to Waste 

The operator shall select either GAC contactor 1 or 2 for filter to waste 

mode. 

The operator shall enter the filter to waste flow rate and duration. The 

DCS shall control the GAC Feed Pump speed using PID loop as 

described in the GAC Pumps Functional Description. The process variable 

shall be the flowmeter corresponding with the contactor in Filter to Waste 

mode. 

If a Contactor is in service and the second Contactor is to be placed in 

filter to waste mode the standby GAC feed pump must run concurrently 

with the duty GAC feed pump to provide the total flow needed for both 

Contactors. Under this operating condition, the following shall occur: 

 

 The influent valve for the contactor entering filter to waste (MOV-

0202 or 0212) operate in flow splitting mode (to target the filter to 

waste flow setpoint) at an operator adjustable open/close rate, 

initially set at 0.5% per second. 

 The standby GAC feed pump shall start and both pumps shall 

operate at the same speed and be controlled by the sum of the flow 

setpoints for the duty and filter to waste contactors. The rate of 

change for each pump speed during this cycle shall be operator 

adjustable, initially set at 1 Hz/second. 

 At the conclusion of the filter to waste cycle 

o The standby GAC feed pump shall begin slowing at an 

operator adjustable rate, initially set at 1 Hz/second. 

o The influent valve for the contactor in filter to waste shall 

close. 

o The duty GAC feed pump shall adjust its speed according to 

the flow set point for the primary contactor 

o After the standby GAC feed pump has reached minimum 

speed, the pump shall stop. 

 

Prior to starting the filter to waste sequence, the DCS shall verify the valve 

positions as follows: 
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Valve Valve Tag Contactor 1 
Filter to 
Waste 

Contactor 2 
Filter to 
Waste 

BW Waste 1 VLV-0206 C * 

BW Waste 2 VLV-0216 * C 

Influent 1 MOV-0202 O * 

Influent 2 MOV-0212 * O 

Effluent 1 VLV-0203 C * 

Effluent 2 VLV-0213 * C 

Filter to Waste 1 VLV-0207 O * 

Filter to Waste 2 VLV-0217 * O 

BW Feed 1 VLV-0205 C * 

BW Feed 2 VLV-0215 * C 

Series/Parallel 1 VLV-0204 C C 

Series/Parallel 2 VLV-0214 C C 

Valve positions marked with * are not required to be in either 
open or closed positions. 

 

5. Series Operation 

 

When operated in series, all of the forward flow passes through both 

contactors. The effluent from the primary contactor becomes the feed for 

the secondary contactor. The system can operate where either Contactor 

1 or 2 can serve as the primary contactor. 

 

From the operator workstation the operator shall select Series Operating 

Mode and set either GAC 1 or 2 as the primary contactor. The operator 

shall enter the GAC contactor feed flow rate. The DCS shall control the 

GAC Feed pump speed using PID loop as described in the GAC Feed 

Pumps Functional Description. The process variable shall be the 

flowmeter corresponding with the primary contactor. Note that modulating 

control of the influent valves is not required for this mode of operation. 

Valve positions for Series Operation are as follows: 

 

Valve Valve Tag Series operation: 
Contactor 1 

primary 
Contactor 2 
secondary 

Series operation: 
Contactor 2 

primary 
Contactor 1 
secondary 

BW Waste 1 VLV-0206 C C 

BW Waste 2 VLV-0216 C C 
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Valve Valve Tag Series operation: 
Contactor 1 

primary 
Contactor 2 
secondary 

Series operation: 
Contactor 2 

primary 
Contactor 1 
secondary 

Influent 1 MOV-0202 O C 

Influent 2 MOV-0212 C O 

Effluent 1 VLV-0203 O C 

Effluent 2 VLV-0213 C O 

Filter to Waste 1 VLV-0207 C C 

Filter to Waste 2 VLV-0217 C C 

BW Feed 1 VLV-0205 C C 

BW Feed 2 VLV-0215 C C 

Series/Parallel 1 VLV-0204 C O 

Series/Parallel 2 VLV-0214 O C 

 

 

D. INTERLOCKS 

 
All interlocks and automatic safety shut offs are incorporated as required. 

 
1. Software Interlocks 

Valve position interlocks are described in Section E. The valve position for 
the desired mode of operation must be satisfied before the DCS will allow 
the process operation to begin.  
 
The backwash pump shall shut down if the backwash flow exceeds an 
operator-entered set point (set initially at 1725 gpm). 
 

E. ALARMS AND CONTROLS 

 

1. Controls 
 

Control functions for the system are activated at the DCS Operator 
Workstations.  The system control functions are listed as follows: 

  

 Single/Parallel Mode 

o Contactor 1 in service 

o Contactor 2 in service 

o Both Contactors in service 

 Backwash Mode 

o Contactor 1 backwash 

o Contactor 2 backwash 
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 Filter to Waste Mode 

o Contactor 1 filter to waste 

o Contactor 2 filter to waste 

 Series Mode 

o Contactor 1 primary, Contactor 2 secondary 

o Contactor 2 primary, Contactor 1 secondary 

 
F. GRAPHICAL DISPLAYS 

A list of system graphical display is provided as follows: 
 

 Contactor No. # Elapsed Duty Time (hrs).  

 Contactor No. # Bed Volumes since Last Regeneration (#) 

 Contactor No. # Bed Volume Reset 

 Contactor No. # Runtime since last Backwash (hrs) 

 Contactor No. # Influent/Effluent TOC (mg/L) 

 
3.10 UV DISINFECTION 
 

REFERENCE P&ID:  Sustainable Water Phase 3 – Demonstration Facility, I-204 

A. PROCESS OVERVIEW 

 
The major equipment for the UV Disinfection system includes: 

 

 Two UV reactors with low-pressure high-output lamps, UV intensity 

sensors, and temperature sensors 

 Two UV Control Cabinets 

 One Main ICA Control Cabinet 

 Automatic wiping system 

 UV transmittance monitor 

 Air release valve 

 Miscellaneous controls and instrumentation including motor-actuated 

valves, flow meters, and temperature switches 

 
UV disinfection is a barrier to pathogens such as Cryptosporidium and Giardia.  
 
After GAC adsorption, the water is fed to two UV reactors that are each sized to 
treat 350 gpm (or half of the 700 gpm total treatment capacity). A small sample of 
GAC-treated water upstream of the flow split to the UV reactors is fed through a 
UV transmittance monitor. The UV transmittance is continuously monitored and 
conveyed to the Main ICA Control Cabinet. 
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Magnetic flow meters on the reactor influent lines monitor the flow rate.  
Modulating flow control valves on the UV effluent adjust their position to provide 
equal distribution of flow between the reactors using a most open valve flow split 
program. The water flows through the reactors parallel to the low-pressure high-
output lamps for UV disinfection. 
 

B. EQUIPMENT 

 
The following UV Disinfection system equipment is monitored through the Main 
ICA Control Cabinet: 

 
1. One UV transmittance monitor  

2. Two open/close motor-actuated valves UV influent valves (MOV-0110 and 

MOV-0120) 

3. Two magnetic flow meters (FE/FIT-0110 and FE/FIT-0120) 

4. Two modulating motor-actuated valves UV effluent valves (MOV-0111 and 

MOV-0121) 

The following UV Disinfection system equipment is monitored through the two UV 
Control Cabinets and is networked to the Main ICA Control Cabinet: 

 
1. Two UV reactors, each equipped with 

a. Three UV intensity sensors 

b. One temperature switch 

c. One automatic wiper system 

 
C. OPERATION 

 

1. General 

 

The Main ICA Control Cabinet shall communicate with the DCS using an 
Ethernet connection.  The UV manufacturer shall provide all monitoring and 
control data to be transferred between the Main ICA Control Cabinet and the 
plant control system in a contiguous blocks of registers to facilitate block read 
and write commands for efficient scanning by the control system SCADA servers.  
The UV manufacturer shall provide a list of the signals to be transferred to the 
Design/Builder for review. 
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a. The Main ICA Control Cabinet Panel shall adjust the position of the 

UV effluent flow control valves to provide equal distribution of flow 

between the reactors. It will provide UV transmittance and flow data 

to the two UV Control Cabinets. 

b. Each UV Control Cabinet shall constantly regulate the UV lamp 

output of each UV reactor to achieve an operator-entered Target 

UV Reduction Equivalent Dose by varying lamp output based on 

UV reactor flow, UV transmittance, and UV Intensity.  The UV dose 

algorithm shall be based on parameters determined through full-

scale validation testing. 

2. DCS Automatic Mode of Operation 

   
In the automatic mode the UV Disinfection system operates to achieve the 
Target Reduction Equivalent UV Dose input by the operator at the DCS. 
The UV system operates by using a dose pace philosophy which ensures 
that the UV dose is greater than or equal to the target UV dose. The target 
UV dose is calculated as: 
 
Target UV Dose = Minimum Design UV Dose + Offset UV Dose 
 
If the calculated UV dose is greater than the target UV dose plus a 
deadband, the UV controller decreases the UV lamp power. If the 
calculated UV dose is less than the target UV dose plus a deadband, the 
UV controller increases the UV lamp power. The UV lamp power can 
range from 50% to 100%. 
 

D. INTERLOCKS 

 
All interlocks and automatic safety shut offs are incorporated as required. 
 
1. Software Interlocks: 

a. If a critical alarm is issued by the Main ICA Control Cabinet to the 
DCS the water shall be diverted to off spec pipeline by opening 
MOV-0221 and closing MOV-0321. 
 

E. ALARMS AND CONTROLS 

 

1. Alarms 
 

Minor alarms shall be provided to indicate to plant operators that 
maintenance attention is required. Major alarms shall be provided to 
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indicate an extreme alarm condition in which the disinfection performance 
may be jeopardized. 
 
Alarms for failure of equipment and abnormal conditions are displayed at 
the Main ICA Main Control Cabinet or UV Control Cabinets.  The UV 
Disinfection system supplier shall provide the Design\Builder and Owner 
with a list of all alarms for review.  Owner shall prioritize the alarms 
accordingly.  

 
The UV Disinfection system alarms are listed as follows at each of the UV 
Control Cabinets for UV Reactors 1 and 2: 

 

 Minor alarms 

o Low UV intensity (the alarm set point can be operator 

adjustable at the OWS): Lamp power will increase to 

100% 

o UV lamp hour guarantee exceeded 

o Wiper failure 

o UV Control Cabinet air conditioner failure 

 

 Major alarms 

o Low low UV intensity: Lamp power will increase to 100% 

o Lamp failure: Lamp power will increase to 100% 

o Ballast communication failure 

 

 Critical alarms (call for automatic shutdown of UV unit) 

o 24VDC Power Supply Failure 

o UV Reactor high temperature 

o UV Control Cabinet high temperature 

o Ballast high temperature 

o Communication loss between the Main ICA Control 

Cabinet and either UV Control Cabinet 1 or 2 

 
The UV Disinfection system alarms are listed as follows at the Main ICA 
Control Cabinet: 
 

 Minor alarms 
o Low UV transmittance (adjustable, initially set at 85%):  
o UVT signal failure 
o Flow meter signal failure 
o Main ICA Control Cabinet air conditioner failure 
o UV Unit inlet valve not in REMOTE, UV Reactor 1 or 2 

o UV Unit outlet valve not in REMOTE, UV Reactor 1 or 2 
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 Major alarms 
o Low low UV transmittance: Lamp power will increase to 

100% 
o Low flow rate, UV Reactor 1 or 2 

o High flow rate, UV Reactor 1 or 2: Lamp power will 

increase to 100% 

 

 Critical alarms (call for automatic shutdown of UV unit) 

o 24VDC Power Supply Failure 

o UPS Failure 

o Main ICA Control Cabinet high temperature 

o UV Unit inlet valve failed to open, UV Reactor 1 or 2 

o UV Unit inlet valve failed to close, UV Reactor 1 or 2 

o UV Unit outlet valve failed to open, UV Reactor 1 or 2 

o UV Unit outlet valve failed to close, UV Reactor 1 or 2 

o Communication loss between the Main ICA Control 
Cabinet and UV Control Cabinet 1 or 2. 

 
F. GRAPHICAL DISPLAYS 

The UV system supplier shall provide a list of the monitoring points able to be 
sent to the DCS from the Main ICA to the Design/Builder for review.  The 
operator workstation screens shall be created to mimic the HMI screens created 
by the UV system supplier. 
 

3.11 RECHARGE WELL AND BACKFLUSH PUMP  
 

REFERENCE P&ID:  Sustainable Water Phase 3 - Demonstration Facility, I-401 

A. PROCESS OVERVIEW 

 
The aquifer recharge well equipment provides flow control, diversion capabilities, 
and water quality monitoring for the Demonstration Facility finished water as it is 
conveyed into the aquifer. The demonstration facility will begin operations by 
diverting finished water to off spec (either to CCT or the Effluent Holding Pond). 
When recharge operation is started, the first step is filling the pump column with 
water and venting air in order to prevent entrained air from clogging the screen or 
gravel pack. During recharge operations pressure in the pump column at the 
wellhead will be maintained at between 2 to 4 psi to prevent cascading of water 
down the pump column. Water level in the casing annulus between the outside of 
the pump column and the inside of the inner casing will steadily rise, eventually 
reaching land surface and rising above land surface. After the pressure in the 
well exceeds the initial setpoint (2 – 4 psi), the downhole flow control valve is no 
longer used for backpressure control, and remains fully open.   
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The Well Backflush Pump will operate periodically to reverse the direction of flow 
to maintain the injectivity of the well. Backflushing of the well will be initiated 
periodically, when the wellhead pressure in the casing annulus reaches an 
operator adjustable value. The well backflush pump will be started using the VFD 
or the bypass contactor. 
 
During extended storage periods exceeding one week when no recharge and no 
backflushing is occurring, a trickle flow of between 2 gpm and 10 gpm will be 
conducted, recharging treated potable water with a small chlorine residual down 
the well, thereby controlling downhole microbial activity in the well casing, screen 
and filter pack. 
 

B. EQUIPMENT 

The following system equipment is controlled or monitored on the DCS: 
 

 Well backflush pump (BKWSH-0302) – line shaft vertical turbine pump 

with VFD and bypass contactor 

 Aquifer recharge check valve bypass (MOV-0211, open/close) 

 Off spec diversion isolation valve (MOV-0221 open/close, FAIL OPEN) 

 Well backflush to Holding Pond/CCT isolation valve (MOV-0241 

open/close) 

 Well backflush to Drain Pump Station isolation valve (MOV-0231 

open/close) 

 Aquifer recharge isolation valve (MOV-0321, open/close, FAIL CLOSE) 

 Downhole flow control valve (DHCV-0251, modulating) 

 Finished water pressure indicating transmitter (PIT-0301) 

 Finished water/well backflush pressure indicating transmitter (PIT-0302) 

 Finished water/well backflush high pressure switch (PSH-0302) 

 Recharge well level indicating transmitter (LIT-0302)  

 Finished water recharge/well backflush flow indicating transmitter (FIT-

0302)  

 UV Effluent pH sensor (AIT-0102) 

 Finished water total chlorine analyzer (AIT-0141) 

 Finished water monochloramine analyzer (AIT-0142) 

 Finished water pH sensor (AIT-0141) 

 Finished water UV254 analyzer (AIT-0221) 

 Finished water conductivity sensor (AIT-0223) 

 Finished water dissolved oxygen sensor (AIT-0224) 

 Finished water TOC analyzer (AIT-0222) 

 Well backflush turbidimeter (AIT-1210) 
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C. OPERATION   

 

1. General 

 
The system design provides two (2) possible operator-interface levels for 
control of the various system equipment and components.   

 

 Local Direct Valve Control (at the device), Pump Control at the VFD 

 Remote Control via DCS  
 
Local Direct Control:  This mode of operation allows direct, individual 
control of a device without going through the remote DCS. The valves can 
be operated at or near the device or at its motor control unit.  This mode of 
operation is usually reserved for testing, troubleshooting, or special 
operations.  For example, each motorized valve has an option for local 
motorized or manual control.  The flushing well pump can be operated 
directly from the VFD panel.  However; the normal mode of operation for 
the components will be remotely through the central DCS control interface. 
 
Remote Control:  This will be the normal method of operation, allowing the 
system operator to select the operational mode for the Recharge Well 
Facilities.  The DCS shall include pre-programmed instructions for startup, 
sequencing, and operation of the various modes of operation.  The DCS 
shall also display the values of the various parameters monitored by 
system instrumentation and used for automatic control.  The ability for 
supervisor level operator overrides shall also be provided as noted in the 
various loop descriptions. 
 

2. The ASR system is controlled using five operating modes. The five modes 
are: 

 
a. Recharge to Well - water flowing into the well to recharge the 

aquifer  
 

b. Off Spec Diversion – used during system startup, when a critical 
alarm, CCP, or COP is triggered or due to treatment process 
equipment malfunctions (as described in individual unit process 
descriptions) 

 
c. Storage - low-rate “trickle flow” of chlorinated water into well to 

maintain well health 
 

d. Flushing - pumping water out of the well to backflush and purge the 
well and piping 
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e. Maintenance – Recharge well is isolated from operation 
(Demonstration Facility may still operate and send water to Off 
Spec) 

 
The status of the various valves and the flushing pump for the various 
modes of operation are summarized in the following table. 

 

Tag No. Pump or Valve 
Name 

Mode of Operation 

Off Spec Recharge 

Well 

Offline 

/Storage 

Well Flush 

BKWSH-0320 Well Flush Pump Off Off Off 
On/ VFD 

Controlled 

MOV-0321 Recharge Valve Closed Open Closed Closed 

MOV-0211 Recharge Valve Closed Open Closed Closed 

DHCV-0251 Downhole Control Valve Closed 
Modulating

** 
Closed Closed 

MOV-0221 Off Spec Diversion* Open Closed *** Closed 

MOV-0231 Flush to Drain PS Closed Closed Closed 
Open 

(if to Drain PS) 

MOV-0241 Flush to EHP/CCT Closed Closed Closed 
Open 

(if to EHP/CCT) 

GFP-0111, 0121 GAC Feed Pump On/ VFD On/VFD *** Off 

 
* The diverted flow can be either directed to the Effluent Holding Pond or the 
CCT depending upon which manual valve is open downstream of MOV-0241 and 
0221. 
 
** The modulating action of the DHCV is designed to control the recharge 
pressure. Flow control is achieved using the GAC Feed Pumps. Its limited 
modulation is for the purpose of maintaining a full pump column pipe and 
minimizing the potential for air entrainment during Recharge. 
 
*** During off line/storage, the demonstration facility treatment process may 
remain operational and be diverting finished water to off spec therefore no 
position or operating condition is required for this equipment. 

 
3. Recharge Well 
 

Recharge operating mode consists of recharging the well using water from 
the GAC Feed Pump (GFP-0111/0121). The rate of flow will be measured 
by FE-0302 and integrated over time by the PLC to determine the volume 
during the recharge period.  The instantaneous flowrate and totalized 
quantity recharged shall be added to the total quantity stored information 
which will be displayed on the DCS operator workstation and stored as 
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retrievable data in the centralized historian system. Below are the steps that 
the DCS PLC shall be programmed to perform to complete a Recharge 
cycle: (all setpoints, unless noted, shall be specified via the Setpoints 
screen) 
 
During Recharge the system uses the VFD-controlled GAC Feed Pump 
(GFP-0111/0121); an in-line pressure sustaining valve to maintain a 
minimum back pressure; two (2)  Open / Close flow control valves in series 
(MOV 0321 and MOV 0211), and the Downhole Flow Control Valve (DHCV 
0251) to control the flow of water during recharge.  The flow path during 
recharge is through the wellhead and piping, backwards through the 
discharge and column of the inactive Well Backflush Pump and out through 
flow control orifices in the Downhole Flow Control Valve (DHCV 0321). The 
purpose of the Downhole Flow Control Valve (DHCV 0321) is to create 
enough backpressure to keep the vertical pump column pipe full of water 
during recharge to prevent cascading and possible air entrainment during 
recharge. 
 
The DHCV will open to allow the water from the column to exit through the 
valve’s orifices to the well annulus.  The rate of recharge flow will be 
controlled through the DCS by a PID loop configured to achieve the 700 
gallons per minute (GPM) setpoint by modulating the speed of the GAC 
Feed Pump (GFP-0111/0121) via its VFD. 
 
Step 1 – Maintenance Check: The operator confirms the recharge rate set 
point and selects the Recharge option through the operator workstation. 
 
Step 2 – Initiate Recharge: During the start of the recharge sequence the 
DHCV shall be fully closed to facilitate venting of all air from the recharge 
piping and pump column.  Upon selection by the operator through the 
operator workstation of the Recharge Mode of operation (from Off Spec 
Operation), the control loop shall confirm satisfactory water quality from the 
process; shall open Recharge Valve MOV 0321 to allow water to enter the 
wellhead piping system, thereby venting air from the piping via the installed 
air release valves.  (MOV 0211 shall remain closed during this step)   Also, 
the operator shall manually open the prelube system, introducing drinking 
water to the pump column at a low flow rate, less than 100 GPM, to fill the 
pump column with water and displace air bubbles. 
 
Step 3 – Preliminary Flow: After a preset time delay (adjustable, set initially 
at 10 seconds), MOV 0211 shall slowly open to allow water to flow into the 
remaining wellhead piping and pump column with the DHCV-0251 
remaining in the closed position.  Any remaining air within the piping and 
column will be vented through the air release valve on that segment of the 
system.  A setpoint time delay shall be provided to allow sufficient time for 
all of the air to be evacuated (set initially at 10 seconds).  Once a 
predetermined pressure setpoint pressure (2 psi) is measured by PIT-0302 
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on the recharge piping and after a time delay (set initially at 10 seconds) the 
DHCV will begin opening to the operator-adjustable initial opening position 
and MOV-0221 (Off Spec Diversion Valve) shall close. 
 
Step 4 – Auto Control (Flow & Wellhead Minimum Pressure); After 
achieving the initial opening position, DHCV-0251 shall modulate its position 
based on PID loop control to maintain the pressure at PIT-0302 within the 
operating deadband (set initially at 2 – 4 psi). During the recharge mode of 
operation, the specific injectivity of the well will decrease due to well 
clogging and mounding of water levels in the aquifer around the well and the 
DHCV shall modulate its position to maintain the pressure at PIT-0302 
within the operating deadband. Note that the recharge flow is controlled by 
the GAC feed pumps (GFP-0111, 0121) based on maintaining the finished 
water flow setpoint. To prevent unstable control, the DHCV control loop 
shall be tuned to respond slowly and incrementally to maintain the wellhead 
pressure within the operating deadband. 
 
Step 5 – Diminished Well Recharge Performance: The water level in the 
well annulus between the pump column and the well casing may steadily 
rise to and above the wellhead elevation, eventually exceeding the well 
head pressure setpoint. In this condition, DHCV-0251 shall be fully open. 
Once the pressure at PIT-0302 reaches the operator adjustable high 
recharge pressure setpoint (set initially at 20 psi) the diversion valve (MOV-
0221) shall open and finished water will be diverted to the effluent holding 
pond/CCT and a backflush sequence may be initiated. After an initial 
operation period of probably several weeks, backflush frequency will be 
evaluated. The operator adjustable high recharge pressure setpoint may be 
considered at that time for increase to no more than 30 psi. 
 
Recharge Setpoints 
 

 DHCV-0251 Initial Opening Value this setpoint is used in step 3 (0 – 
100%). 
 

 Initial Opening Timer Preset: this setpoint is used in step 3. Enter 
the number of minutes to open the DHCV to a predetermined 
percent opening (default 1 min for 100%). 
 

 Initial Opening Setpoint: this setpoint is used in step 3. Enter the 
incremental percent opening for DFCV (default 1% per second) 
 

 High Recharge Pressure: this setpoint is used in step 4. Enter the 
max recharge pressure as measured by PIT-0302 (between 0 – 30 
psi) 
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 High Well Casing Pressure: this setpoint is used to monitor wellhead 
pressure in the well casing as measured by LIT-0302. This will be 
less than the wellhead pressure in the pump column due to friction 
losses in the pump column. (between 0 – 70 feet above grade (0 – 
30 psi)) 

 

 Recharge Pressure Setpoint and deadband: pressure setpoint used 
to control DHCV-0251 based on pressure reading from PIT-0302 
(between 0 – 30 psi). 

 

 Max Flow Reached Time: this setpoint is used in all the steps in 
Recharge. If the flow setpoint is not within +/- 70 GPM of the 
setpoint before the time expires, an alarm is generated in the OIT 
and HMI (default 15 min). 
 

 
4. Finished Water to Off Spec Mode 

 

Off Spec Diversion is defined as routing finished water from the upstream 

process to the Nansemond Plant chlorine contact tanks (CCT) or effluent 

holding pond (EHP) instead of down the Recharge Well due to any of the 

following conditions:  

 

1) System startup – Off spec is the default mode of operation at the well 

head when the treatment process is started. The operator shall initiate well 

recharge after the treatment system process has been stabilized. 

2) Water quality not in conformance with requirements (based on alarms, 

CCPs, and COPs described throughout the Functional Control Description) 

3) Process equipment malfunction 

4) Well backflushing 

 

If the system is in Recharge Mode and the DCS calls for the finished water 

to be diverted to off spec, MOV-0221 will open, MOV-0321 shall close, and 

MOV-0211 shall close simultaneously thereby diverting the flow to the 

Effluent Holding Pond or CCT. 

 
5. Trickle Flow/Storage 

 
During the storage mode no significant quantity of water is directed to the 
well for aquifer recharge.  During this mode, a small quantity of chlorinated 
water from the potable water distribution system is directed into the well to 
maintain the health of the well and to inhibit bacteriological growth that 
would occur in the well if it were totally stagnant. The low flow, termed 
“Trickle Flow” will inhibit bacteria growth within the inactive well casing and 



 

Sustainable Water Phase 3 –  Functional Control Descriptions – REV 0 
Demonstration Facility 17950-57 IFC June 2017 

screen during storage.  A typical flow rate is 2 to 10 GPM, sufficient to turn 
over a casing and screen volume each day. The storage mode is typically 
implemented if recharge has been discontinued for about one week, such 
as due to Off-Spec water quality or treatment equipment failure, or if it is 
anticipated that a storage period exceeding one week is pending.  The 
amount of water added to the well via trickle flow shall be measured on a 
manually read water meter and periodically added to the total quantity 
recharged information which will be displayed on the local operator 
workstation and stored in the centralized historian system.   

 
6. Backflushing 

 
Flushing operating mode consists of flushing water out of the aquifer 
through the well casing, pump, column and wellhead piping. This is typically 
initiated after the recharge pressure reaches an operator adjustable 
maximum level, or after prolonged inactivity exceeding about one week. The 
rate of flow will be measured by FE-0302, and integrated over time by the 
DCS to calculate the volume of water used during the backflushing period.  
The instantaneous flowrate shall be recorded and the totalized flush quantity 
shall be deducted from the stored quantity information that will be displayed 
on the OS and stored to the centralized historian system. Below are the 
steps that the DCS shall be programmed to complete a Flushing cycle: 
 
Step 1 – Initiate: The operator initiates well backflush at the operator 
workstation.  
 
Step 2 – Maintenance Check: If the system is in aquifer recharge mode, the 
finished water shall be diverted to off spec according to Finished Water to 
Off Spec Mode, described above. MOV-0241, MOV-0321, MOV-0231, and 
MOV-0211 shall be confirmed to be closed and a time delay shall elapse. 
The time delay is intended to let water levels partially recover to within about 
10 feet of the static water level (operator adjustable, set initially at 5 
minutes). 
 
Step 3 – Open the Aquifer Flush Valve: The operator shall select the well 
backflush water destination at the operator workstation (either to the Drain 
Pump Station or to the EHP/CCT). The aquifer flush valve (MOV-0241 for 
EHP/CCT mode or MOV-0231 for Drain Pump Station mode) is commanded 
to open. When the valve gives confirmation of being opened, the sequence 
will continue to step 4. 
 
Step 4 – Auto Control (Flow): The Well Flush Pump (BKWSH-0302) VFD 
shall be automatically adjusted to control the flow of water based on a flow 
setpoint. After the pump starts running, it will continue to step 5. 
 
Step 5 – Auto Flush / Done: The Flushing mode continues to flush for a user 
adjustable amount of time (set between 5 minutes and 90 minutes, set 
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initially at 30 minutes). When the timer has completed, BKWSH-0302 shall 
ramp down its speed and stop. After the pump has stopped, MOV-0211 and 
MOV-0241 (or MOV-0231 if in Drain Pump Station mode) shall close. The 
operator may start another backflush event or start recharge well 
operations. 
 
In case of severe well clogging due to particulates, the pump motor is 
provided with a bypass contactor that can be used to initiate backflushing 
with a manual “hard start.”  This would impart greater energy to the well 
screen and filter pack, extending further out into the adjacent formation 
compared to the energy achieved with the VFD.  This operator option 
should only be implemented after other options for restoring well capacity 
have been tried and shown to be inadequate.  In case of severe well 
clogging due to clay swelling, it is unlikely that backflushing the well will 
significantly restore well recharge capacity. 
 
Backflush Setpoints 
 

 Initial Speed Timer Preset: this setpoint is used in step 3. Ramp up the 
speed of the VFD as quickly as possible. The backflush rate shall be at 
full capacity as quickly as possible in order to achieve the most 
effective backflush sequence. 
 

 Flushing Flow Setpoint: this is the flow setpoint that the system tries to 
maintain.  (default 1,400 GPM) 

 

 Flush Time Preset: Time duration in minutes for the system to flush 
(default 60 minutes). 
 

 Number of backflush cycles per backflush event. (default 2 cycles) 
 

 Time delay between successive backflush cycles during a backflush 
event (default 15 minutes) 

 
7. Maintenance 

 
Maintenance mode consists of closing all aquifer recharge isolation valves 
and stopping the Backflush pump. This mode puts the system in “stand-by” 
mode. The operator should take the system into Maintenance mode after 
finishing with every other mode. Below are the steps the DCS is 
programmed to do to complete a Maintenance cycle: 
 
Step 1 – Initiate: The operator selects the Maintenance option at the 
operator workstation.  
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Step 2 – Well Backflush Pump (BKWSH-0302) OFF: This step makes sure 
the Well Flush Pump/VFD is set to OFF and ZERO speed and that the 
Flush Valve is Closed. This step also resets internal DCS bits and internal 
modes. When the VFD gives confirmation of not running, the sequence will 
continue to step 3. 
 
Step 3 – Recharge Valves (MOV-0211 & MOV-0231) CLOSED: This step 
makes sure the Recharge Valves are Closed. When the valves provide 
confirmation of being in the closed position, the sequence will continue to 
step 4 only after a time delay, to be determined during startup testing.  The 
purpose of the time delay is to allow recovery of water levels to within about 
10 feet above or below the static water level.  The time delay can be 
operator-adjustable. 
 
Step 4 – Complete: The system stays in this step until an operator input. 

 
D. INTERLOCKS 

 
All interlocks and automatic safety shut offs are incorporated as required. 
 
1. Hardwired Interlocks – hardwired interlocks shall be as shown on the 

Elementary Control Schematics. 
 

2. Software Interlocks 

The backflush pump shall not be permitted to start unless the either the 
well backflush to Holding Pond/CCT isolation valve or the well backflush to 
Drain Pump Station isolation valve is opened. 
 
When Backflush is in Drain Pump Station Mode the backflush pump shall 
be stopped upon Drain Pump Station High-High alarm condition. 
 
 

E. ALARMS AND CONTROLS 

1. Alarms 
 

 Low Well Casing Water Level: Monitor value of LIT-0302, and if 
minimum water level setpoint is reached, display alarm and stop 
BKWSH-0320 if in operation. Setpoint shall initially be 250 ft below 
wellhead flange. The pump is to be set at 300 ft below wellhead 
flange. 
 

 High Well Casing Pressure: Monitor value of LIT-0302 and if 
maximum pressure is reached during aquifer recharge operations, 
display alarm and divert finished water to off spec. 
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 Maximum Well Backflush Pump Discharge Pressure:  Monitor value 
of PIT-0302, and if the maximum pressure setpoint is reached, 
display alarm.  Setpoint shall initially be 40 psi. 
 

 High Recharge Pressure:  Monitor PIT-0302 and if the setpoint is 
reached, display alarm.  Setpoint shall initially be 20 psi. 
 

 Motor Operated Valve Position: Monitor positions of motor operated 
valves based upon limit switch position, and after specified time 
delay, if valves are not in the required positions for the selected 
mode of operation, display alarm for that valve. Time delay shall 
initially be 20 seconds. 

 
 
2. Controls 

 
Control functions for the system are activated at the DCS operator 
workstation. The system control functions are listed as follows: 
 

 Automatic Operation - Finished Water to Recharge (Normal 

Operation) 

 Automatic Operation – Finished Water to Off Spec 

 Automatic Operation – Finished Water to Off Spec, Well Backflush 

to Drain Pump Station 

 Automatic Operation – Finished Water to Off Spec, Well Backflush 

to Holding Pond/CCT 

 Automatic Operation – Well Backflush to Drain PS 

 Automatic Operation – Well Backflush to Effluent Holding 

Pond/CCT 

 

F. GRAPHICAL DISPLAYS 

 

A list of system graphical display is provided as follows: 
 

 Elapsed time since well backflush 

 Total recharge flow 

 Total recharge flow, previous day 

 Total flushing flow 

 Total flushing flow, previous day 

 Well total volume (Total recharge flow – Total flushing flow) 

 Valve status 

 Pump run status 
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3.12 CHEMICAL STORAGE AND FEED FACILITIES - GENERAL 
 

Reference P&ID: Sustainable Water Phase 3: Demonstration Facility, M-216 through M-
225 

 
Chemical storage and feed systems shall be provided as shown below: 
 

Chemical Application Points 

Aluminum Chlorohydrate Trains 1 and 2 Rapid Mix  

Sodium Hydroxide 
Biofilter Influent 
Chlorine Contact Influent 

Sodium Hypochlorite 

Settled Water 
Biofilter Influent 
Filter Backwash 
Chlorine Contact Influent 
Monochloramine System 
Tasting Tank 

Ammonium Sulfate 
Settled Water 
Monochloramine System 

Phosphoric Acid Biofilter Influent 

Sodium Bisulfite Ozone Contactor Effluent 

Flocculation Aid Polymer 
Trains 1 and 2 Rapid Mix or 
Flocculators 

Filter Aid Polymer Biofilter Influent 

Preformed Monochloramine 
Rapid Mix 
Settled Water 
Chlorine Contact Influent 

 
A description of each chemical storage and feed system and information on control 
of each system are included in the following sections. 

 
3.13 ALUMINUM CHLOROHYDRATE STORAGE AND FEED 
 

 Specification Section References:  

 11310 – Peristaltic Chemical Metering Pumps 

 11307 – Polyethylene Chemical Storage Tanks 

 15400 – Plumbing  
 

 Drawing References: 

 M232 
 
3.13.1 Process Overview 
 
  Aluminum chlorohydrate (ACH) shall be fed as a coagulant to raw water in the 

SWIFT Demonstration Facility’s two rapid mix basins. The major equipment for 
ACH storage and feed shall include the following: 
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 ACH shall be delivered by bulk truckload at the combined Caustic/ACH fill 
station in the chemical unloading area. The chemical shall be stored in a 6,000-
gallon HDPE tank provided with an ultrasonic level transmitter and located in 
the coagulant containment area.  

 

 Three (3) skid-mounted peristaltic metering pumps shall be provided for feed 
of ACH: one duty pump shall feed to Train 1 Rapid Mix, one duty pump shall 
feed to Train 2 Rapid Mix, and one pump is an installed standby pump. A flow 
switch shall be provided on the discharge line from each duty metering pump. 
Metering pumps shall be flow paced based on raw water flow to each treatment 
train.  

 

 A emergency shower/eyewash station shall be provided at the fill station, and 
a shower/eyewash station shall be provided in the coagulant containment area. 
A flow switch shall be provided on the water supply line to each 
shower/eyewash station.  

 

 A float level switch shall be provided in the coagulant containment area sump.  
 
3.13.2 Equipment 
 
 A. The following ACH system equipment shall be monitored or controlled through the 

DCS: 
 

1. One (1) Caustic/ACH fill station control panel to include 
 
a. Bulk tank level indicator  for each chemical (total of 2) 

 
b. Bulk tank high level alarm indicating light 

 
c. Containment area high sump level alarm indicating light 

 
d. Alarm horn 

 
e. Alarm silence pushbutton 

 
2. One (1) ACH bulk tank ultrasonic level transmitter (LIT-0102) 

 
3. Two (2) ACH metering pump discharge flow switches (FSL-0105 Train 1, 

FSL-0106 Train 2) 
 

4. Two (2) shower/eyewash station flow switches provided under Division 15, 
one at the fill station (20-FSH-2010) and one in the containment area (81-
FSH-2011). 
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5. One (1) ACH containment area sump level switch (LSH-0101). 
 
3.13.3 Operation 
 
 A. ACH Bulk Storage Tank 
 
  1. Continuous bulk tank level/volume and tank high level and containment 

area sump high level conditions shall be indicated at the fill station control 
panel and DCS Operator Workstation. High high level condition in the bulk 
tank shall be indicated at the DCS Operator Workstation and shall activate 
the alarm horn on the fill panel.  

 
 B. ACH Metering Pumps 
 
  1. General 
 
   a. The operator shall be able to enter the specific gravity and 

concentration of delivered ACH, desired chemical dose as aluminum 
chlorohydrate, and calibration curve for each metering pump at the 
DCS Operator Workstation. The DCS shall calculate effective 
density of the chemical based on specific gravity and concentration 
as follows: 

 

    𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝐷𝑒𝑛𝑠𝑖𝑡𝑦,
𝑙𝑏

𝑔𝑎𝑙
= 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐺𝑟𝑎𝑣𝑖𝑡𝑦 ∗ 8.34 ∗ 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛, % 

 
   c. When a metering pump is running and its corresponding flow switch 

is not indicating flow, a no flow alarm condition shall be indicated at 
the DCS Operator Workstation.  

 
   d. Upon loss of power, metering pumps shall retain their last speed 

settings and shall automatically restart at the previously established 
settings when the power returns. 

 
  2. DCS Automatic - Flow Paced Mode (Normal) 
 
   a. Normal operation of each metering pump shall be Flow Paced mode 

and shall be achieved by placing the pump in Remote mode at the 
internal control panel. In the Remote mode, the variable speed drive 
shall adjust the metering pump speed to maintain a setpoint dose of 
chemical based on the raw water flow to the corresponding treatment 
train. ACH feed rate shall be calculated as follows: 

 

    𝐹𝑒𝑒𝑑 𝑅𝑎𝑡𝑒, 𝑔𝑝ℎ =
𝐷𝑜𝑠𝑒,

𝑚𝑔

𝐿
 ∗ 𝐹𝑙𝑜𝑤,𝑚𝑔𝑑 ∗ 8.34

𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝐷𝑒𝑛𝑠𝑖𝑡𝑦,
𝑙𝑏

𝑔𝑎𝑙
 ∗ 24

 

 
Raw water flow meter for Train 1 is FIT-0101, raw water flow meter 



 

Sustainable Water Phase 3 –  Functional Control Descriptions – REV 0 
Demonstration Facility 17950-64 IFC June 2017 

for Train 2 is FIT-0121. 
 

  
 C. ACH Miscellaneous Equipment 
 
  1. Emergency shower flow and containment area sump high level condition 

shall be indicated at the DCS Operator Workstation. 
 
3.13.4 Interlocks 
 
 A. Software interlocks associated with the ACH system shall be as described below: 
 
  1. Stop metering pumps if tank reaches low-low setpoint in the bulk tank. 
 
  2. Stop metering pumps if corresponding raw water flow is zero. 
 
  3.  Divert SWIFT Demonstration Facility finished water flow back to the Drain 

Pump Station by opening Off Spec valve from each Train (MOV-0110 Train 
1, MOV-0130 Train 2) upon loss of coagulant feed as indicated by pump 
failure alarm. 

 
3.13.5  Graphical Display (HMI) 
 

A. ACH system graphical display shall include the following: 
 

1. ACH bulk tank level/volume  
 

3.14 SODIUM HYDROXIDE STORAGE AND FEED 
 

 Specification Section References:  

 11310 – Peristaltic Chemical Metering Pumps 

 11307 – Polyethylene Chemical Storage Tanks 

 15400 – Plumbing  
 

 Drawing References: 

 M233 
 

 
3.14.1 Process Overview 
 
  Sodium hydroxide (caustic) shall be fed for pH adjustment to biofilter influent and 

chlorine contact influent at the SWIFT Demonstration Facility. The major 
equipment for caustic storage and feed shall include the following: 

 

 Caustic shall be delivered by bulk truckload at the caustic fill station in the 
chemical unloading area. The chemical shall be stored in a 1,000-gallon HDPE 
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tank provided with an ultrasonic level transmitter and located in the caustic 
containment area.  

 

 Three (3) skid-mounted peristaltic metering pumps shall be provided for feed 
of caustic: one duty pump shall feed to Biofilter Influent, one duty pump shall 
feed Chlorine Contact Influent, and one pump is an installed standby pump. A 
flow switch shall be provided on the discharge line from each duty metering 
pump. Softened water shall be used as carrying water for dilution, and each 
softened water line shall be provided with a rotameter and needle valve. 
Metering pumps shall be controlled based on downstream pH or flow paced.  

 

 A shower/eyewash station shall be provided in the caustic containment area. A 
flow switch shall be provided on the water supply line to each shower/eyewash 
station.  

 

 A float level switch shall be provided in the caustic containment area sump.  
 

 A pH analyzer shall be provided for measurement of pH in Influent (AIT-0116), 
Flocculation Basin 1 (Train 1-AIT-010X and Train 2 – AIT-01XX  ), Settled 
Water (Train 1 AIT-0102, Train 2  AIT-0123), Biofilter Common Influent (AIT-
0102), Biofilter Effluent (AIT-0154, AIT-0164, AIT-0174, AIT-0184), Chlorine 
Contact Influent (AIT-XXXX), and Finished Water (AIT-0140). 

 
3.14.2 Equipment 
 
 A. The following caustic system equipment shall be monitored or controlled through 

the DCS: 
 

1. One (1) The caustic/ACH fill station control panel to include 
 
a. Bulk tank level indicator  

 
b. Bulk tank high level alarm indicating light 

 
c. Containment area high sump level alarm indicating light 

 
2. One (1) caustic bulk tank ultrasonic level transmitter (LIT-0108) 

 
3. Three (3) caustic metering pumps with variable speed drives internal to 

pumps to include 
 

4. Two (2) caustic metering pump discharge flow switches (FSL-0191 Biolfilter 
Influent, FSL-0193 Chlorine Contact Influent) 
 

5. Two (2) rotameters and needle valves provided for softened water dilution 
of caustic  
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6. One (1) shower/eyewash station flow switches provided under Division 15, 

in the containment area (FSH-1012) 
 

7. One (1) caustic containment area sump level switch (LSH-0107). 
 
8. NIne (9) pH analyzers for pH measurement at locations described above, 

with the chlorine contact influent analyzer used for pH control of caustic 
metering pumps. 

 
3.14.3 Operation 
 
 A. Caustic Bulk Storage Tank 
 
  1. Continuous bulk tank level/volume and tank high level and containment 

area sump high level conditions shall be indicated at the fill station control 
panel and DCS Operator Workstation. High high level condition shall be 
indicated at the DCS Operator Workstation and shall activate the alarm 
horn.  

 
 B. Caustic Metering Pumps 
 
  1. General 
 
   a. The operator shall be able to enter the specific gravity and 

concentration of delivered caustic, desired chemical dose as sodium 
hydroxide for each application point, desired downstream pH for 
each application point, and calibration curve for each metering pump 
at the DCS Operator Workstation. The DCS shall calculate effective 
density of the chemical based on specific gravity and concentration 
as follows: 

 

    𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝐷𝑒𝑛𝑠𝑖𝑡𝑦,
𝑙𝑏

𝑔𝑎𝑙
= 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐺𝑟𝑎𝑣𝑖𝑡𝑦 ∗ 8.34 ∗ 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛, % 

 
   b. When a metering pump is running and its corresponding flow switch 

is not indicating flow, a no flow alarm condition shall be indicated at 
the DCS Operator Workstation.  

 
   c. Upon loss of power, all systems on the DCS shall automatically 

restart at the previously established settings.  
 
  2. DCS Automatic - Flow Paced Mode (Normal Mode for Biofilter Influent 

Caustic Pump) 
 
   a. Normal operation of the biofilter influent metering pump (CAMP-

0141) shall be Flow Paced mode (and alternate operation for the 
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chlorine contact caustic pump) and shall be achieved by placing the 
pump in Remote mode at the internal control panel and selecting 
Flow Paced control at the DCS Operator Workstation. In this mode, 
the variable speed drive shall adjust the metering pump speed to 
maintain a setpoint dose of chemical based on the process water 
flow rate. Caustic feed rate shall be calculated as follows: 

 

    𝐹𝑒𝑒𝑑 𝑅𝑎𝑡𝑒, 𝑔𝑝ℎ =
𝐷𝑜𝑠𝑒,

𝑚𝑔

𝐿
 ∗ 𝐹𝑙𝑜𝑤,𝑚𝑔𝑑 ∗ 8.34

𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝐷𝑒𝑛𝑠𝑖𝑡𝑦,
𝑙𝑏

𝑔𝑎𝑙
 ∗ 24

 

 
 
    Flow = Sum of 80-FIT-0110 and 80-FIT-0120  
 
  3. DCS Automatic - pH Control Mode (Normal Mode for Chlorine Contact 

Influent Caustic Pump) 
 
   a. Normal operation of the chlorine contact caustic metering pump shall 

be pH Control mode and shall be achieved by placing the pump in 
Remote mode at the internal control panel and selecting pH Control 
at the DCS Operator Workstation. In this mode, the variable speed 
drive shall adjust the metering pump speed to maintain a setpoint pH 
downstream of the static mixer (AIT-XXXX)  

 
 C. Caustic Miscellaneous Equipment 
 
  1. Emergency shower flow and containment area sump high level condition 

shall be indicated at the DCS Operator Workstation.  
 
3.14.4 Interlocks 
 
 A. Software interlocks associated with the caustic system shall be as described 

below: 
 

1. Stop metering pumps if tank reaches low-low setpoint in the bulk tank. 
 
2. Stop metering pumps if corresponding process flow rate is zero. 
 
3.  Divert SWIFT Demonstration Facility filter efflulent flow back to the Drain 

Pump Station by opening Off Spec valve in each area (Chlorine Contact 
Tank MOV-0220, Biofilters upon loss of caustic feed as indicated by pump 
failure alarm.. 

 
4. Divert SWIFT finished water flow back to NTP chlorine contact tank if pH 

measured downstream of the chlorine contact application point is outside 
the acceptable range of 7.3 to 7.9 by closing MOV-0212 and opening MOV-
0222. 
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3.14.5 Alarms and Controls 
 
 A. Alarms 
 
  1. Metering pump running but no flow detected for each duty pump 

 
2.     pH measured downstream of the chlorine contact application point outside the              

acceptable range of 7.5 to 7.7. 

  
3.14.6 Graphical Display (HMI) 
 

B. Caustic system graphical display shall include the following: 
 

1. Caustic bulk tank level/volume  
 

3.15 SODIUM HYPOCHLORITE STORAGE AND FEED 
 

 Specification Section References:  

 11310 – Peristaltic Chemical Metering Pumps 

 11307 – Polyethylene Chemical Storage Tanks 

 15400 – Plumbing  

 17851 – Chlorine Gas Detectors 
 

 Drawing References: 

 M234 
 
3.15.1 Process Overview 
 
  Sodium hypochlorite (hypochlorite) shall be fed for disinfection of SWIFT finished 

water, bromate control in ozonated water, limiting biological activity in biofilters, 
and monochloramine formation. The major equipment for hypochlorite storage and 
feed shall include the following: 

 

 Hypochlorite shall be transferred from the existing bulk hypochlorite tanks in 
the Disinfection Building using a new Owner provided air-operated diaphragm 
transfer pump. Transfer of hypochlorite to the Demonstration Facility day tank 
shall be done automatically upon low level in the day tank.  The chemical shall 
be stored in a 475-gallon HDPE day tank provided with an ultrasonic level 
transmitter and located in the hypochlorite containment area.  

 

 Eight (8) skid-mounted peristaltic metering pumps shall be provided for feed of 
hypochlorite: one duty pump shall feed to Settled Water/Monochloramine 
System - Train 1 Rapid Mix, one duty pump to Monochloramine System - Train 
2 Rapid Mix, one duty pump to Tasting Tank, one duty pump to Biofilter Influent, 
one duty pump to Filter Backwash Supply, one duty pump to Chlorine Contact 
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Influent, and one duty pump to Monochloramine System – Chlorine Contact. 
One installed standby pump shall be provided to back up the rapid mix, settled 
water, biofilter influent, and backwash supply pumps, and one installed standby 
pump shall be provided to back up the chlorine contact pumps. A flow switch 
shall be provided on the discharge line from each duty metering pump except 
the tasting tank hypochlorite pump. Softened water shall be used as carrying 
water for dilution of hypochlorite flow to the settled water and chlorine contact 
application points only, and each softened water line shall be provided with a 
rotameter and needle valve. Metering pumps shall be flow paced or controlled 
based on chlorine residual.  

 

 Because caustic and hypochlorite share a containment area, the 
shower/eyewash station described above for the caustic area shall be shared 
for the hypochlorite area.  

 

 A float level switch (LSH-1001) shall be provided in the hypochlorite 
containment area sump.  

 

 A chlorine gas detector (AIT-1002) shall be provided in the hypochlorite storage 
and feed area. 

 

 Chlorine analyzers shall be provided downstream of hypochlorite application 
points to measure settled water total chlorine concentration, biofilter influent 
total chlorine concentration, and chlorine contact effluent total chlorine 
concentration. 

 
3.15.2 Equipment 
 
 A. The following hypochlorite system equipment shall be monitored or controlled 

through the DCS: 
 

1. One (1) new  hypochlorite transfer pump located in the Disinfection Building 
to be controlled from DCS.  Hypochlorite transfer pump and all 
appurtenances to be provided by Owner. 

 
2. One (1) hypochlorite day tank ultrasonic level transmitter 

 
3. Eight (8) hypochlorite metering pumps with variable speed drives internal to 

pumps to include 
 

4. Five (5) hypochlorite metering pump discharge flow switches, one for each 
application point except for tasting tank 
 

5. Two (2) rotameters and needle valves provided for softened water dilution 
of hypochlorite to the settled water and chlorine contact influent application 
points 
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6. One (1) shower/eyewash station flow switch provided under Division 15 (20-

FSH-1012) (shared with caustic) 
 

7. One (1) hypochlorite containment area sump level switch (LSH-1001) 
 
8. One (1) chlorine gas detector (AIT-1002) 
 
9. Three (3) total chlorine analyzers located as described above, with the 

chlorine contact effluent analyzer used for control of hypochlorite metering 
pumps. 

 
3.15.3 Operation 
 
 A. Hypochlorite Day Tank 
 

1. Continuous day tank level/volume and tank high level and containment area 
sump high level conditions shall be indicated at the DCS Operator 
Workstation. High high level condition shall be indicated at the DCS 
Operator Workstation.  
 

2. Filling of the hypochlorite day tank shall be accomplished automatically 
based on low level through the DCS.   

 
 B. Hypochlorite Metering Pumps 
 
  1. General 
 
   a. Each of the metering pumps shall be operated locally at the pump 

internal control panel or controlled through the DCS. Control through 
the DCS shall be either DCS Automatic – Flow Paced, DCS 
Automatic – Compound Loop Control, or DCS Manual, selected at 
the DCS Operator Workstation. 

 
   b. The operator shall be able to enter the trade concentration of 

delivered hypochlorite, desired chemical dose as chlorine for each 
application point, and calibration curve for each metering pump at 
the DCS Operator Workstation. The DCS shall calculate effective 
density of the chemical based on specific gravity and concentration 
as follows: 

 

    𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝐷𝑒𝑛𝑠𝑖𝑡𝑦,
𝑙𝑏 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑐ℎ𝑙𝑜𝑟𝑖𝑛𝑒

𝑔𝑎𝑙
= 0.08345 ∗

𝑇𝑟𝑎𝑑𝑒 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 
 
   c. When a metering pump is running and its corresponding flow switch 

is not indicating flow, a no flow alarm condition shall be indicated at 
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the DCS Operator Workstation.  
 
   d. Upon loss of power, all systems on the DCS shall automatically 

restart at the previously established settings.  
 
  2. DCS Automatic - Flow Paced Mode (Normal Mode for Settled Water, 

Biofilter Influent, Filter Backwash Supply, Tasting Tank, and 
Monochloramine Hypochlorite Metering Pumps) 

 
   a. Normal operation of settled water, biofilter influent filter backwash 

supply, tasting tank, and monochloramine hypochlorite metering 
pumps (and alternate mode for chlorine contact influent pump) shall 
be Flow Paced mode and shall be achieved by placing the pump in 
Remote mode at the internal control panel and selecting Flow Paced 
control at the DCS Operator Workstation. In this mode, the variable 
speed drive shall adjust the metering pump speed to maintain a 
setpoint dose of chemical based on the process water flow rate. 
Hypochlorite feed rate shall be calculated as follows: 

 

    𝐹𝑒𝑒𝑑 𝑅𝑎𝑡𝑒, 𝑔𝑝ℎ =
𝐷𝑜𝑠𝑒,

𝑚𝑔

𝐿
 𝑎𝑠 𝑐ℎ𝑙𝑜𝑟𝑖𝑛𝑒 ∗ 𝐹𝑙𝑜𝑤,𝑚𝑔𝑑 ∗ 8.34

𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝐷𝑒𝑛𝑠𝑖𝑡𝑦,
𝑙𝑏 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑐ℎ𝑙𝑜𝑟𝑖𝑛𝑒

𝑔𝑎𝑙
 ∗ 24

 

 
  3. DCS Automatic - Compound Loop Control Mode (Normal Mode for Chlorine 

Contact Influent Hypochlorite Metering Pumps) 
 
   a. Normal operation of the chlorine contact influent hypochlorite 

metering pumps shall be Compound Loop Control mode and shall 
be achieved by placing the pump in Remote mode at the internal 
control panel and selecting Compound Loop Control at the DCS 
Operator Workstation. In this mode, the variable speed drive shall 
adjust the metering pump speed to maintain a setpoint chlorine 
residual downstream of the static mixer, while taking into account 
chlorine contact influent flow (FIT-0110 and FIT-0130). 

  
 C. Hypochlorite Miscellaneous Equipment 
 
  1. Emergency shower flow, containment area sump high level, and chlorine 

gas concentration high level conditions shall be indicated at the DCS 
Operator Workstation. 

 
3.15.4 Interlocks 
 
 A. Software interlocks associated with the hypochlorite system shall be as described 

below: 
 

1. Stop transfer pump if day tank level reaches high level setpoint. 
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2. Stop metering pumps if tank reaches low-low setpoint in the bulk tank. 

 
  2. Stop metering pumps if corresponding process flow rate (including softened 

water flow to monochloramine system) is zero. 
 
  3.  Divert SWIFT Demonstration Facility finished water flow back to NTP 

chlorine contact tank upon loss of hypochlorite feed to chlorine contact 
application point as indicated by pump failure alarm. 

 
  4. Divert SWIFT finished water flow back to NTP chlorine contact tank if free 

chlorine CT through the chlorine contact pipe is 5.5 mg-min/L or lower. 
 
3.15.5 Alarms and Controls 
 
 A. Alarms 
 
  Alarms for failure of equipment and abnormal conditions shall be activated at the 

DCS Operator Workstation. There shall be an individual alarm for each piece of 
equipment. Alarms for hypochlorite equipment shall be as follows: 

 
1. Chlorine gas high level detected in hypochlorite area 

 
2. Free Chlorine CT at or below 8 mg-min/L. 

 
3.15.6 Graphical Display (HMI) 
 

C. Hypochlorite system graphical display shall include the following: 
 

1. Hypochlorite day tank level/volume  
 
2. For each duty hypochlorite metering pump 
 

a. Downstream chlorine residual 
 

3. Free chlorine CT, based on chlorine residual measured downstream of chlorine 
contact and detention time in the chlorine contact pipe.  

 
 
3.16 LIQUID AMMONIUM SULFATE STORAGE AND FEED 
 

 Specification Section References:  

 11310 – Peristaltic Chemical Metering Pumps 

 11520 – Chemical Tank Scales 

 15400 – Plumbing  
 



 

Sustainable Water Phase 3 –  Functional Control Descriptions – REV 0 
Demonstration Facility 17950-73 IFC June 2017 

 Drawing References: 

 M235 
 
3.16.1 Process Overview 
 
  Liquid ammonium sulfate (LAS) shall be fed for bromate control in ozonated water 

and monochloramine formation. The major equipment for LAS storage and feed 
shall include the following: 

 

 LAS shall be delivered to SWIFT in 330-gallon totes. Two tote scales shall be 
provided for tote level measurement and located in the LAS containment area.  

 

 Four (4) skid-mounted peristaltic metering pumps shall be provided for feed of 
LAS: one duty pump shall feed to Settled Water/Monochloramine System - 
Train 1 Rapid Mix, one duty pump to Monochloramine System - Train 2 Rapid 
Mix, one duty pump to Monochloramine System – Chlorine Contact, and one 
installed standby pump. A flow switch shall be provided on the discharge line 
from each duty metering pump. Metering pumps shall be flow paced.  

 

 A shower/eyewash station shall be provided in the LAS containment area. A 
flow switch shall be provided on the water supply line to the shower/eyewash 
station.  

 

 A float level switch shall be provided in the LAS containment area sump.  
 

 Monochloramine analyzers shall be provided downstream of LAS application 
points to measure settled water monochloramine concentration and chlorine 
contact effluent monochloramine concentration. 

 
3.16.2 Equipment 
 
 A. The following LAS system equipment shall be monitored or controlled through the 

DCS: 
 

1. One (1) dual tote scale indicator (WIT-0202) to monitor the two LAS tote 
scales (WIT-0202A, WIT-0202B) 
 

2. Four (4) LAS metering pumps with variable speed drives internal to pumps 
to include 

 
3. Three (3) LAS metering pump discharge flow switches, one for each 

application point 
 

4. One (1) shower/eyewash station flow switch provided under Division 15 (20-
FSH-2013) 
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5. One (1) LAS containment area sump level switch (LSH-0201) 
 

6. Two (2) monochloramine analyzers located as described above 
 
3.16.3 Operation 
 
 A. LAS Totes 
 
  1. Continuous tote level/volume shall be indicated at the scale indicator and 

DCS Operator Workstation.  
 
 B. LAS Metering Pumps 
 
  1. General 
 
   a. The operator shall be able to enter the specific gravity and 

concentration of delivered LAS, desired chemical dose as nitrogen 
for each application point, and calibration curve for each metering 
pump at the DCS Operator Workstation. The DCS shall calculate 
effective density of the chemical based on specific gravity and 
concentration as follows: 

 

    𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝐷𝑒𝑛𝑠𝑖𝑡𝑦,
𝑙𝑏 𝑎𝑠 𝑁

𝑔𝑎𝑙
= 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐺𝑟𝑎𝑣𝑖𝑡𝑦 ∗ 8.34 ∗ 𝐶𝑜𝑛𝑐. , % ∗

0.212 
 
   c. When a metering pump is running and its corresponding flow switch 

is not indicating flow, a no flow alarm condition shall be indicated at 
the DCS Operator Workstation.  

 
   d. Upon loss of power, all systems on the DCS shall automatically 

restart at the previously established settings.  
 
  2. DCS Automatic - Flow Paced Mode (Normal Mode) 
 
   a. Normal operation of all LAS metering pumps shall be Flow Paced 

mode and shall be achieved by placing the pump in Remote mode 
at the internal control panel and selecting Flow Paced control at the 
DCS Operator Workstation. In this mode, the variable speed drive 
shall adjust the metering pump speed to maintain a setpoint dose of 
chemical based on the process water flow rate. LAS feed rate shall 
be calculated as follows: 

 

    𝐹𝑒𝑒𝑑 𝑅𝑎𝑡𝑒, 𝑔𝑝ℎ =
𝐷𝑜𝑠𝑒,

𝑚𝑔

𝐿
 𝑎𝑠 𝑁 ∗ 𝐹𝑙𝑜𝑤,𝑚𝑔𝑑 ∗ 8.34

𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝐷𝑒𝑛𝑠𝑖𝑡𝑦,
𝑙𝑏 𝑁

𝑔𝑎𝑙
 ∗ 24

 

  
 C. LAS Miscellaneous Equipment 
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  1. Emergency shower flow and containment area sump high level conditions 

shall be indicated at the DCS Operator Workstation. .  
 
3.16.4 Interlocks 
 
 A. Software interlocks associated with the LAS system shall be as described below: 
 

1. Stop metering pumps if tote reaches low-low setpoint. 
 
  2. Stop metering pumps if corresponding process flow rate (including softened 

water flow to monochloramine system) is zero. 
 

3. Divert SWIFT Demonstration Facility finished water flow back to NTP 
chlorine contact tank upon loss of LAS feed to application point as indicated 
by pump failure alarm. 
 

3.16.5 Alarms and Controls 
 
 A. Alarms 
 
  Alarms for failure of equipment and abnormal conditions shall be activated at the 

DCS Operator Workstation. There shall be an individual alarm for each piece of 
equipment. Alarms for LAS equipment shall be as follows: 

 
  1. LAS tote low level 
 
  2. Rate of decrease in tote level above expected range 
   

3. Metering pump running but no flow detected for each duty pump 
 

3.16.6 Graphical Display (HMI) 
 

A. LAS system graphical display shall include the following: 
 
1. LAS tote level  
 
2. For each duty LAS metering pump 
 

a. LAS dose - setpoint or as calculated from setpoint pump speed, 
calibration curve, and corresponding process flow rate 

 
b. LAS feed rate - setpoint or as calculated from setpoint pump speed 

and calibration curve 
 
3.17 PHOSPHORIC ACID STORAGE AND FEED 
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 Specification Section References:  

 11310 – Peristaltic Chemical Metering Pumps 

 11520 – Chemical Tank Scales 

 15400 – Plumbing  
 

 Drawing References: 

 M236 
 
3.17.1 Process Overview 
 
  Phosphoric acid shall be fed for nutrient addition upstream of the biological filters. 

The major equipment for phosphoric acid storage and feed shall include the 
following: 

 

 Phosphoric acid shall be delivered to SWIFT in 55-gallon drums. One drum 
scale (WE/WIT-0303) shall be provided for drum level measurement and 
located in the phosphoric acid containment area.  

 

 Two (2) skid-mounted peristaltic metering pumps shall be provided for feed of 
phosphoric acid to biofilter influent: one duty pump and one installed standby 
pump. A flow switch (FSL-0304) shall be provided on the discharge line. 
Metering pumps shall be flow paced. 

 

 A shower/eyewash station shall be provided in the phosphoric acid containment 
area. A flow switch (20-FSH_2015) shall be provided on the water supply line 
to the shower/eyewash station.  

 

 A float level switch shall be provided in the phosphoric acid containment area 
sump (LSH-0301).  

 
3.17.2 Equipment 
 
 A. The following phosphoric acid system equipment shall be monitored or controlled 

through the DCS: 
 

1. One (1) drum scale indicator to monitor the phosphoric acid drum scale 
 

2. Two (2) phosphoric acid metering pumps with variable speed drives internal 
to pumps to include 
 

3. One (1) phosphoric acid metering pump discharge flow switch 
 

4. One (1) shower/eyewash station flow switch provided under Division 15  
 

5. One (1) phosphoric acid containment area sump level switch  
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3.17.3 Operation 
 
 A. Phosphoric Acid Drum 
 
  1. Continuous drum level/volume shall be indicated at the scale indicator and 

DCS Operator Workstation.  
 
 B. Phosphoric Acid Metering Pumps 
 
  1. General 
 
   a. The operator shall be able to enter the specific gravity and 

concentration of delivered phosphoric acid, desired chemical dose, 
and calibration curve for each metering pump at the DCS Operator 
Workstation. The DCS shall calculate effective density of the 
chemical based on specific gravity and concentration as follows: 

 

    𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝐷𝑒𝑛𝑠𝑖𝑡𝑦,
𝑙𝑏

𝑔𝑎𝑙
= 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐺𝑟𝑎𝑣𝑖𝑡𝑦 ∗ 8.34 ∗ 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛, % 

 
   c. When the metering pump is running and its flow switch is not 

indicating flow, a no flow alarm condition shall be indicated at the 
DCS Operator Workstation.  

 
   d. Upon loss of power, all systems on the DCS shall automatically 

restart at the previously established settings.  
 
  2. DCS Automatic - Flow Paced Mode (Normal Mode) 
 
   a. Normal operation of all phosphoric acid metering pumps shall be 

Flow Paced mode and shall be achieved by placing the pump in 
Remote mode at the internal control panel and selecting Flow Paced 
control at the DCS Operator Workstation. In this mode, the variable 
speed drive shall adjust the metering pump speed to maintain a 
setpoint dose of chemical based on the process water flow rate (FIT-
0101 + FIT-0121 – FIT-0105 – FIT_0125). Phosphoric acid feed rate 
shall be calculated as follows: 

 

    𝐹𝑒𝑒𝑑 𝑅𝑎𝑡𝑒, 𝑔𝑝ℎ =
𝐷𝑜𝑠𝑒,

𝑚𝑔

𝐿
 ∗ 𝐹𝑙𝑜𝑤,𝑚𝑔𝑑 ∗ 8.34

𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝐷𝑒𝑛𝑠𝑖𝑡𝑦,
𝑙𝑏

𝑔𝑎𝑙
 ∗ 24

 

 
  3. DCS Manual Operation (Alternate) 
 
   a. Alternate operation of each metering pump shall also be achieved by 

placing the pump in Remote at the internal pump control panel, 
selecting DCS Manual mode at the DCS Operator Workstation, and 
adjusting the speed of the pump or the desired feed rate in gph from 
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the Workstation. 
   
 C. Phosphoric Acid Miscellaneous Equipment 
 
  1. Emergency shower flow and containment area sump high level conditions 

shall be indicated at the DCS Operator Workstation.  
 
3.17.4 Interlocks 
 
 A. Software interlocks associated with the phosphoric acid system shall be as 

described below: 
 

1. Stop metering pumps if drum reaches low-low setpoint. 
 
  2. Stop metering pumps if corresponding process flow rate is zero. 
 
3.17.5 Alarms and Controls 
 
 A. Alarms 
 
  Alarms for failure of equipment and abnormal conditions shall be activated at the 

DCS Operator Workstation. There shall be an individual alarm for each piece of 
equipment. Alarms for phosphoric acid equipment shall be as follows: 

 
  1. Rate of decrease in drum level above expected range 
 
 
3.17.6 Graphical Display (HMI) 
 

A. Phosphoric acid system graphical display shall include the following: 
 
1. Phosphoric acid drum level  
 
2. For the duty phosphoric acid metering pump 
 

a. Phosphoric acid dose - setpoint or as calculated from setpoint pump 
speed, calibration curve, and corresponding process flow rate 

 
b. Phosphoric acid feed rate - setpoint or as calculated from setpoint 

pump speed and calibration curve 
 
 
3.18 SODIUM BISULFITE STORAGE AND FEED 
 

 Specification Section References:  

 11310 – Peristaltic Chemical Metering Pumps 

 11520 – Chemical Tank Scales 



 

Sustainable Water Phase 3 –  Functional Control Descriptions – REV 0 
Demonstration Facility 17950-79 IFC June 2017 

 15400 – Plumbing  

 17851  - Sulfur Dioxide Gas Detectors 
 

 Drawing References: 

 M240 
 
3.18.1 Process Overview 
 
  Sodium bisulfite (bisulfite) shall be fed for removal of chlorine and ozone residual 

downstream of the ozone contactor. The major equipment for bisulfite storage and 
feed shall include the following: 

 

 Bisulfite shall be delivered to SWIFT in 330-gallon totes. Two tote scales (WE-
1003A and WE-1003B) with a shared indicator/transmitter (WIT-1003) shall be 
provided for tote level measurement and located in the bisulfite containment 
area.  

 

 Two (2) skid-mounted peristaltic metering pumps shall be provided for feed of 
bisulfite to ozone contactor effluent: one duty pump and one installed standby 
pump. A flow switch (FSL-1021) shall be provided on the discharge line. 
Metering pumps shall be flow paced. 

 

 A shower/eyewash station shall be provided in the bisulfite containment area. 
A flow switch (20-FSH-2018) shall be provided on the water supply line to the 
shower/eyewash station.  

 

 A float level switch (LSH-1001) shall be provided in the bisulfite containment 
area sump.  

 

 A sulfur dioxide detector (AIT-1001) shall be provided in the bisulfite area. 
 

 An ORP analyzer (AIT-0110) shall be provided for monitoring of ORP 
downstream of the bisulfite application point. 

 
3.18.2 Equipment 
 
 A. The following bisulfite system equipment shall be monitored or controlled through 

the DCS: 
 

1. One (1) dual tote scale indicator to monitor the two bisulfite tote scales 
 
2. Two (2) bisulfite metering pumps with variable speed drives internal to 

pumps to include 
 

3. One (1) bisulfite metering pump discharge flow switch 
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4. One (1) shower/eyewash station flow switch provided under Division 15  
 
5. One (1) bisulfite containment area sump level switch 

 
6. One (1) sulfur dioxide gas detector 

 
7. One (1) ORP analyzer 

 
3.18.3 Operation 
 
 A. Bisulfite Totes 
 
  1. Continuous tote level/volume for each tote shall be indicated at the scale 

indicator and DCS Operator Workstation.  
 
 B. Bisulfite Metering Pumps 
 
  1. General 
 
   a. The operator shall be able to enter the specific gravity and 

concentration of delivered bisulfite, desired chemical dose, and 
calibration curve for each metering pump at the DCS Operator 
Workstation. The DCS shall calculate effective density of the 
chemical based on specific gravity and concentration as follows: 

 

    𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝐷𝑒𝑛𝑠𝑖𝑡𝑦,
𝑙𝑏

𝑔𝑎𝑙
= 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐺𝑟𝑎𝑣𝑖𝑡𝑦 ∗ 8.34 ∗ 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛, % 

 
   c. When the metering pump is running and its flow switch is not 

indicating flow, a no flow alarm condition shall be indicated at the 
DCS Operator Workstation.  

 
   d. Upon loss of power, all systems on the DCS shall automatically 

restart at the previously established settings.  
 
  2. DCS Automatic - Flow Paced Mode (Normal Mode) 
 
   a. Normal operation of bisulfite metering pumps shall be Flow Paced 

mode and shall be achieved by placing the pump in Remote mode 
at the internal control panel and selecting Flow Paced control at the 
DCS Operator Workstation. In this mode, the variable speed drive 
shall adjust the metering pump speed to maintain a setpoint dose of 
chemical based on the process water flow rate. Bisulfite feed rate 
shall be calculated as follows: 

 

    𝐹𝑒𝑒𝑑 𝑅𝑎𝑡𝑒, 𝑔𝑝ℎ =
𝐷𝑜𝑠𝑒,

𝑚𝑔

𝐿
 ∗ 𝐹𝑙𝑜𝑤,𝑚𝑔𝑑 ∗ 8.34

𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝐷𝑒𝑛𝑠𝑖𝑡𝑦,
𝑙𝑏

𝑔𝑎𝑙
 ∗ 24
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 C. Sodium Bisulfite Miscellaneous Equipment 
 
  1. Emergency shower flow, containment area sump high level, and sulfur 

dioxide gas concentration high level conditions shall be indicated at the 
DCS Operator Workstation.  

 
3.18.4 Interlocks 
 
 A. Software interlocks associated with the bisulfite system shall be as described 

below: 
 

1. Stop metering pumps if tote reaches low-low setpoint. 
 

2. Stop metering pumps if corresponding process flow rate is zero. 
 
3.18.5 Alarms and Controls 
 
 A. Alarms 
 
  

1. Bisulfite tote low level 
 

2. Rate of decrease in tote level above expected range 
 

3. Sulfur dioxide gas detected 
 
4. Downstream ORP outside acceptable range - XXX 

 
3.18.6 Graphical Display (HMI) 
 

A. Bisulfite system graphical display shall include the following: 
 
1. For the duty bisulfite metering pump 

 
a. Bisulfite dose - setpoint or as calculated from setpoint pump speed, 

calibration curve, and corresponding process flow rate 
 
b. Bisulfite feed rate - setpoint or as calculated from setpoint pump 

speed and calibration curve 
 
3. 19 FLOCCULATION AID POLYMER STORAGE AND FEED 
 

 Specification Section References:  

 11511 – Liquid Polymer Preparation Systems 

 11520 – Chemical Tank Scales 
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 15400 – Plumbing  
 

 Drawing References: 

 M237 
 
3. 19.1Process Overview 
 
  Flocculation aid polymer (floc aid polymer) shall be fed to rapid mix or flocculators 

to enhance flocculation. The major equipment for floc aid polymer storage and feed 
shall include the following: 

 

 Floc aid polymer shall be delivered to SWIFT in 55-gallon drums. Two drum 
scales (WE-0307A and WE-0307B) with a shared indicator/transmitter (WE-
0307) shall be provided for drum level measurement and located in the polymer 
containment area.  

 

 Three (3) skid-mounted polymer preparation systems shall be provided for feed 
of floc aid polymer to rapid mix/flocculation: one duty system for feed to Train 
1, one duty system for Train 2, and one installed standby system. A flow switch 
shall be provided on the discharge line to each train. Polymer feed systems 
shall be flow paced. 

 

 A shower/eyewash station shall be provided in the polymer containment area. 
A flow switch (FSH-2014) shall be provided on the water supply line to the 
shower/eyewash station.  

 

 A float level switch (LSH-0305) shall be provided in the polymer containment 
area sump.  

 
3.19.2 Equipment 
 
 A. The following floc aid polymer system equipment shall be monitored or controlled 

through the DCS: 
 

1. One (1) dual drum scale indicator to monitor the two floc aid polymer drum 
scales 

 
2. Three (3) floc aid polymer preparation systems with variable speed drives 

internal to pumps to include 
 

3. Two (2) floc aid polymer system discharge flow switches 
 
4. One (1) shower/eyewash station flow switch provided under Division 15  
 
5. One (1) polymer containment area sump level switch 
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3.19.3 Operation 
 
 A. Floc Aid Polymer Drums 
 
  1. Continuous drum level/volume for each drum shall be indicated at the scale 

indicator and DCS Operator Workstation.  
 
 B. Floc Aid Polymer Preparation Systems 
 
  1. General 
 
   a. The operator shall be able to enter the specific gravity and 

concentration of delivered floc aid polymer, desired chemical dose 
as neat polymer, and calibration curve for each metering pump at the 
DCS Operator Workstation. The DCS shall calculate effective 
density of the chemical based on specific gravity and concentration 
as follows: 

 

    𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝐷𝑒𝑛𝑠𝑖𝑡𝑦,
𝑙𝑏

𝑔𝑎𝑙
= 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐺𝑟𝑎𝑣𝑖𝑡𝑦 ∗ 8.34 ∗ 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛, % 

 
   b. When the metering pump is running and its flow switch is not 

indicating flow, a no flow alarm condition shall be indicated at the 
DCS Operator Workstation.  

 
   c. Upon loss of power, all systems on the DCS shall automatically 

restart at the previously established settings.  
 
  2. DCS Automatic - Flow Paced Mode (Normal Mode) 
 
   a. Normal operation of floc aid polymer metering pumps shall be Flow 

Paced mode and shall be achieved by placing the system in Remote 
mode at the internal control panel and selecting Flow Paced control 
at the DCS Operator Workstation. In this mode, the variable speed 
drive shall adjust the metering pump speed to maintain a setpoint 
dose of chemical based on the process water flow rate. Floc aid 
polymer feed rate shall be calculated as follows: 

 

    𝐹𝑒𝑒𝑑 𝑅𝑎𝑡𝑒, 𝑔𝑝ℎ =
𝐷𝑜𝑠𝑒,

𝑚𝑔

𝐿
 ∗ 𝐹𝑙𝑜𝑤,𝑚𝑔𝑑 ∗ 8.34

𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝐷𝑒𝑛𝑠𝑖𝑡𝑦,
𝑙𝑏

𝑔𝑎𝑙
 ∗ 24

 

   
 C. Floc Aid Polymer Miscellaneous Equipment 
 
  1. Emergency shower flow and containment area sump high level conditions 

shall be indicated at the DCS Operator Workstation.  
 
3.19.4 Interlocks 
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 A. Software interlocks associated with the floc aid polymer system shall be as 

described below: 
 

1. Stop polymer systems if corresponding process flow rate is zero. 
 
3.19.5 Alarms and Controls 
 
 A. Alarms 
 
  Alarms for failure of equipment and abnormal conditions shall be activated at the 

DCS Operator Workstation. There shall be an individual alarm for each piece of 
equipment. Alarms for floc aid polymer equipment shall be as follows: 

 
1. Rate of decrease in drum level above expected range 

 
2. Polymer preparation system loss of water flow for the duty systems 

 
3. Polymer system running but no flow detected  

 
 
 
3.19.6 Graphical Display (HMI) 
 

A. Floc aid polymer system graphical display shall include the following: 
 
1. For the duty floc aid polymer systems 
 

a. Floc aid polymer dose - setpoint or as calculated from setpoint pump 
speed, calibration curve, and corresponding process flow rate 

 
b. Floc aid polymer feed rate - setpoint or as calculated from setpoint 

pump speed and calibration curve 
 
3.20 FILTER AID POLYMER STORAGE AND FEED 
 

 Specification Section References:  

 11511 – Liquid Polymer Preparation Systems 

 11520 – Chemical Tank Scales 

 15400 – Plumbing  
 

 Drawing References: 

 M238 
 
3.20.1 Process Overview 
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  Filter aid polymer shall be fed to biofilter influent to enhance filtration. The major 
equipment for filter aid polymer storage and feed shall include the following: 

 

 Filter aid polymer shall be delivered to SWIFT in 55-gallon drums. Two drum 
scales (WE-501A and WE-501B) with a shared indicator/transmitter (WIT-501) 
shall be provided for drum level measurement and located in the polymer 
containment area.  

 

 Two (2) skid-mounted polymer preparation systems shall be provided for feed 
of filter aid polymer to biofilter influent: one duty system and one installed 
standby system. A flow switch shall be provided on the discharge line. Polymer 
feed systems shall be flow paced. 

 

 A shower/eyewash station and containment area sump float level switch shall 
be provided as described above in the common polymer containment area. 

 
3.20.2 Equipment 
 
 A. The following filter aid polymer system equipment shall be monitored or controlled 

through the DCS: 
 

1. One (1) dual drum scale indicator to monitor the two filter aid polymer drum 
scales 

 
2. Two (2) filter aid polymer preparation systems with variable speed drives 

internal to pumps to include 
 

3. One (1) filter aid polymer system discharge flow switch 
 

3.20.3 Operation 
 
 A. Filter Aid Polymer Drums 
 
  1. Continuous drum level/volume for each drum shall be indicated at the scale 

indicator and DCS Operator Workstation.  
 
 B. Filter Aid Polymer Preparation Systems 
 
  1. General 
 
   a. Each of the polymer systems shall be operated locally at the local 

control panel or controlled through the DCS. Control through the 
DCS shall be either DCS Automatic – Flow Paced or DCS Manual, 
selected at the DCS Operator Workstation. 

 
   b. The operator shall be able to enter the specific gravity and 

concentration of delivered filter aid polymer, desired chemical dose 
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as neat polymer, and calibration curve for each metering pump at the 
DCS Operator Workstation. The DCS shall calculate effective 
density of the chemical based on specific gravity and concentration 
as follows: 

 

    𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝐷𝑒𝑛𝑠𝑖𝑡𝑦,
𝑙𝑏

𝑔𝑎𝑙
= 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐺𝑟𝑎𝑣𝑖𝑡𝑦 ∗ 8.34 ∗ 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛, % 

 
   c. When the metering pump is running and its flow switch is not 

indicating flow, a no flow alarm condition shall be indicated at the 
DCS Operator Workstation.  

 
   d. Upon loss of power, all systems on the DCS shall automatically 

restart at the previously established settings.  
 
  2. DCS Automatic - Flow Paced Mode (Normal Mode) 
 
   a. Normal operation of filter aid polymer metering pumps shall be Flow 

Paced mode and shall be achieved by placing the system in Remote 
mode at the internal control panel and selecting Flow Paced control 
at the DCS Operator Workstation. In this mode, the variable speed 
drive shall adjust the metering pump speed to maintain a setpoint 
dose of chemical based on the process water flow rate. Filter aid 
polymer feed rate shall be calculated as follows: 

 

    𝐹𝑒𝑒𝑑 𝑅𝑎𝑡𝑒, 𝑔𝑝ℎ =
𝐷𝑜𝑠𝑒,

𝑚𝑔

𝐿
 ∗ 𝐹𝑙𝑜𝑤,𝑚𝑔𝑑 ∗ 8.34

𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝐷𝑒𝑛𝑠𝑖𝑡𝑦,
𝑙𝑏

𝑔𝑎𝑙
 ∗ 24

 

 
3.20.4 Interlocks 
 
 A. Software interlocks associated with the filter aid polymer system shall be as 

described below: 
 

1. Stop polymer system if drum reaches low-low setpoint. 
 

2. Stop polymer system if corresponding process flow rate is zero. 
 
3.20.5 Alarms and Controls 
 
 A. Alarms 
 
  Alarms for failure of equipment and abnormal conditions shall be activated at the 

DCS Operator Workstation. There shall be an individual alarm for each piece of 
equipment. Alarms for filter aid polymer equipment shall be as follows: 

 
1. Rate of decrease in drum level above expected range 
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2. Polymer preparation system loss of water flow for the duty system 
 

3. Polymer system running but no flow detected  
 
3.20.6 Graphical Display (HMI) 
 

A. Filter aid polymer system graphical display shall include the following: 
 
1. For the duty filter aid polymer system 

 
a. Filter aid polymer dose - setpoint or as calculated from setpoint pump 

speed, calibration curve, and corresponding process flow rate 
 
b. Filter aid polymer feed rate - setpoint or as calculated from setpoint 

pump speed and calibration curve 
 
3.21  PREFORMED MONOCHLORAMINE FEED 
 

 Specification Section References:  

 11340 – Water Softening System 

 15400 – Plumbing  
 

 Drawing References: 

 M239 
 
3.21.1 Process Overview 
 
  Preformed monochloramine (monochloramine) shall be fed for pre-oxidation, 

bromate control in ozonated water, and disinfection of SWIFT finished water. The 
major equipment for monochloramine storage and feed shall include the following: 

 

 Monochloramine shall be preformed by feeding hypochlorite and LAS into a 
softened carrying water stream.  

 

 A water softening system and upstream carbon filter shall be provided for 
conditioning of the carrying water.  

 

 Hypochlorite and LAS metering pumps shall be provided and controlled as 
described above.  

 

 A shower/eyewash station shall be provided in the monochloramine 
containment area. A flow switch (FSH-2016) shall be provided on the water 
supply line to the shower/eyewash station.  

 

 A float level switch (LSH-0403) shall be provided in the monochloramine 
containment area sump.  
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 Monochloramine analyzers shall be provided downstream of application points 
to measure settled water monochloramine concentration and chlorine contact 
effluent monochloramine concentration. 

 
3.21.2 Equipment 
 
 A. The following monochloramine system equipment shall be monitored or controlled 

through the DCS: 
 

1. One (1) magnetic flow meter (FE/FIT-0406) for measurement softened 
water flow 
 

2. One (1) flow switch (FSL-0405) for detection of loss of softened water flow 
 
3. Three (3) temperature switches (TSH-0407, 0409, 0451) for detection of 

high solution temperature 
 
4. One (1) shower/eyewash station flow switch provided under Division 15  

 
5. One (1) monochloramine containment area sump level switch 

 
 
6. Two (2) monochloramine analyzers located as described above 

 
3.21.3 Operation 
 
 A. Monochloramine Softened Water Supply 
 
  1. The water softener and carbon filter shall be operated and controlled locally.  
 
 B. Hypochlorite and LAS Metering Pumps 
 
  1. Metering pumps shall be operated as described above. 
 

C. Monochloramine Flow and Temperature Monitoring Equipment 
 

1. Softened water flow rate and loss of softened water flow condition shall be 
indicated at the DCS Operator Workstation. 
  

2. High temperature for each monochloramine flow stream shall be indicated 
at the DCS Operator Workstation. 

 
D. Monochloramine Miscellaneous Equipment 

 
  1. Emergency shower flow and containment area sump high level conditions 

shall be indicated at the DCS Operator Workstation.  
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3.21.4 Interlocks 
 
 A. Hardwired interlocks associated with the monochloramine system shall be as 

described below: 
 

1. Stop hypochlorite and LAS metering pumps feeding to monochloramine 
system if softened water flow is not detected. 

 
2. Stop hypochlorite and LAS metering pumps feeding to monochloramine 

system if high temperature in the discharge line is detected. 
 
 B. Software interlocks associated with the monochloramine system shall be as 

described below: 
 

1. Stop hypochlorite and LAS metering pumps feeding to monochloramine 
system if softened water flow is less than 2 gpm. 
 

2. Stop metering pumps if corresponding process flow rate is zero. 
 
3.21.5 Alarms and Controls 
 
 A. Alarms 
 
  Alarms for failure of equipment and abnormal conditions shall be activated at the 

DCS Operator Workstation. There shall be an individual alarm for each piece of 
equipment. Alarms for monochloramine equipment shall be as follows: 

 
  1. Softened water loss of flow 
 
  2. Softened water flow less than 2 gpm 
 

3. Monochloramine flow high temperature 
 

 B. Controls 
 
  Control of MONOCHLORAMINE storage and feed equipment shall be provided at 

the DCS Operator Workstation as follows: 
 

1. Softened water flow acceptable range  
 

3.21.6 Graphical Display (HMI) 
 

A. MONOCHLORAMINE system graphical display shall include the following: 
 
1. Softened water flow rate 
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2. Monochloramine residual measured by each residual analyzer.  
 

3.24 CRITICAL CONTROL POINTS 
 
REFERENCE P&ID: Sustainable Water Phase 3: Demonstration Facility, I100 – I400 
 
A. PROCESS OVERVIEW 

 
Critical Control Points (CCPs) consist of a series of points along the treatment 
train that are monitored for water quality and functionality with the explicit 
purpose of protecting public health. The points are located along the course of 
treatment to provide verification that the treatment process is operating as 
intended and to preempt deviations from acceptable finished water quality before 
it can reach the aquifer. Critical Control Points have associated alarm and action 
values. If a CCP exceeds the alarm value, the control system will notify the 
operator that attention is required but that treatment is not yet compromised. If a 
CCP exceeds the action value, the control system will automatically take action 
to divert water from the unit process and/or aquifer injection. 
 
Critical Operating Points (COPs) are similar to CCPs in that they consist of a 
series of prioritized water quality and equipment functionality monitoring points 
along the course of treatment. COPs differ from CCPs in that COPs pertain to the 
operation and optimization of the treatment process, and do not directly pertain to 
public health risks. COPs may have just alert values, or may have alert and 
alarm values, depending on the specific COP. 
 

B. EQUIPMENT (NOT USED) 
 

C. OPERATION (NOT USED) 
 
D. INTERLOCKS (NOT USED) 

 
E. ALARMS AND CONTROLS 
 
1. Critical Control Points 
 
See Appendix 1 for the List of Critical Control Points and Critical Operating Points 
 
 

- END OF SECTION - 
 



 17950 Appendix 1 - Critical Control Points and Critical Operating Points Reference 17950 3.24 E.1

Parameter Alert Value Alarm Value Unit Action

Influent Pump Station Conductivity 1,000 1,500 μS/cm
Divert settled water to Drain Pump Station or 

stop influent pumps

Influent Pump Station TIN 5.0 6.0 mg/L
Divert settled water to Drain Pump Station or 

stop influent pumps

Influent Pump Station Turbidity 15 20 NTU
Divert settled water to Drain Pump Station or 

stop influent pumps

Preformed Chloramine failure on Injection N/A Failure mg/L Divert finished water

Total Chlorine post injection upstream of ozone 2.0 1.0 mg/L Divert finished water

Ozone Feed N/A Failure N/A Divert finished water

Ozone Contactor Calculated LRV – Virus <120% LRV Goal
<100% LRV 

Goal
% Divert finished water

Biofilter Individual Effluent Turbidity 0.1 0.15 NTU
Place filter in standby at CCP at Alert Value. 

Divert filter effluent at Alarm Value

Biofilter Combined Filter Effluent Turbidity 0.1 0.15 NTU Divert finished water

GAC Effluent TOC, instantaneous online analyzer 4.0 6.0 mg/L Divert finished water

UV Reactor Dose
<120% of Dose 

Setpoint

<105% of Dose 

Setpoint
% Divert finished water

Free Chlorine CT
1 <120% of CT 

Target

<105% of CT 

Target
% Divert finished water

NP Raw Wastewater Influent Conductivity 2,000 N/A μS/cm None

Critical Operating Parameters

Critical Control Points

Sustainable Water Phase 3 -

Demonstration Facility

Critical Control Points and Critical Operating Points - REV 0
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 17950 Appendix 1 - Critical Control Points and Critical Operating Points Reference 17950 3.24 E.1

Parameter Alert Value Alarm Value Unit Action

NP Second Anoxic Zone Average Effluent Nitrate 5.0 N/A mg/L None

NP Reaeration Zone Average Dissolved Oxygen 1.0 N/A mg/L None

NP Aeration Basin Blower Function Failure N/A N/A Divert settled water to Drain Pump Station

Influent Pump Station Nitrate 5.0 N/A mg/L None

Influent Pump Station Nitrite 0.5 N/A mg/L None

Influent Pump Station Ammonia 2.0 N/A mg/L None

Coagulant Feed Failure N/A N/A Divert settled water to Drain Pump Station

Floc/sed Effluent Turbidity 2.0 5.0 NTU Divert settled water to Drain Pump Station

Monochloramine Post Injection upstream of ozone 2.0 1.0 mg/L None

ORP Post Injection upstream of ozone 400 N/A mV None

Bisulfite Feed Failure N/A N/A None

ORP Post Bisulfite Feed Point 250 N/A mV None

Total Chlorine Post Bisulfite Feed Point 0.2 N/A mg/L None

Biofilter EBCT < 5 N/A mins. None

GAC Effluent UVT <90% <85% % Divert finished water

Sustainable Water Phase 3 -

Demonstration Facility

Critical Control Points and Critical Operating Points - REV 0
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 17950 Appendix 1 - Critical Control Points and Critical Operating Points Reference 17950 3.24 E.1

Parameter Alert Value Alarm Value Unit Action

GAC Effluent TOC, previous 10-day average, lab N/A 4.0 mg/L Prepare for regeneration

GAC Effluent Turbidity 0.3 N/A NTU None

GAC EBCT < 15 N/A mins. None

Caustic Feed Failure N/A N/A None

Hypochlorite/Monochloramine Feed Failure N/A N/A None

Monchloramine Residual
2 N/A 0.5 mg/L Divert finished water

Recharge Water pH 7.5 < pH < 7.7 7.3 < pH < 7.9 S.U. Divert finished water

(1) Free Chlorine CT only a CCP if free chlorination used for Virus inactivation

(2) Monochloramine residual only a COP if monochloramine used for recharge well biogrowth control

Sustainable Water Phase 3 -

Demonstration Facility
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